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(54) Transmitting apparatus and method of adjusting gain of signal to be transmitted, and 
receiving apparatus and method of adjusting gain of received signal 



(57) A transmitting apparatus which can suppress 
unnecessary power consumption. Optimal signal line is 
selected from a plurality of signal lines (53 - 56) having 
different gains from each other by signal amplifying 
means to perform gain adjustment on a signal to be 



transmitted, which is supplied to an input terminal (58), 
so as to optimize power consumption of each signal am- 
plifying means in accordance with a gain value, and to 
halt the operation of the signal amplifying means on a 
signal line which is not selected. Therefore, unneces- 
sary power consumption can be suppressed. 
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Description 

This invention relates to a transmitting apparatus 
and a method of adjusting the gain of a signal to be 
transmitted, and a receiving apparatus and a method of 
adjusting the gain of a received signal, and more partic- 
ularly, is suitable for use in mobile radio communications 
systems such as cellular telephones and so on. 

In this type of mobile radio communications system, 
communications are made between a mobile terminal 
and a base station through an interconnecting radio 
channel. In such a mobile radio communications sys- 
tem, the signal level is always changing due to changes 
in communication distance between the mobile terminal 
and the base station, the influence of fading on a trans- 
mission channel, and so on. 

For this reason, the mobile station is provided with 
a gain adjusting circuit such as an amplifier and an at- 
tenuator, such that the gain adjusting circuit absorbs 
fluctuating level portions in a received signal, whereby 
a demodulator is supplied with the received signal hav- 
ing its level adjusted to be constant. The transmission 
side of the mobile terminal is also provided with a gain 
adjusting circuit which adjusts a signal to be transmitted 
to a desired signal level such that a constant signal level 
is supplied to the base station. 

In this way, a mobile terminal is generally provided 
with any gain adjusting circuit for both transmission and 
reception in orderjoavo^d the influence of level fluctu- 
ations. In this eventTa'gain adjusting width required to 
the gain adjusting circuit differs from a system to anoth- 
er. 

If a gain adjusting width required by a system ex- 
tends over a range of 80 to 90 [dB], it is extremely difficult 
to realize this only with a single gain adjusting circuit 
from a technical point of view, in consideration of the 
isolation and dynamic range of elements. Even if it is 
technically possible, it is almost infeasible, taking into 
account the manufacturing cost. 

To avoid this problem, as shown in Fig. 1 , a gain 
adjusting circuit for transmission is divided into a plural- 
ity of portions, in a transmitter circuit 1 in a mobile ter- 
minal. For example, if gain adjustment of 80 [dB] is re- 
quired by a whole system, a level change over 80 [dB] 
must be achieved at a transmission antenna 2. Thus, 
50 [dB] is adjusted by an intermediate frequency (IF fre- 
quency) and the remaining 30 [dB] by a radio frequency 
(RF frequency). 

More specifically, an IF signal S1 having a constant 
level, f ec j f r0 m an input terminal 3, is inputted through 
an IF signal line 4 to a first variable gain amplifier 5 in 
which the I F signal S1 is adjusted for the gain by a width 
of 50 [dB] . The I F signal S 1 is next inputted to a frequen- 
cy mixer 6 in which the IF signal S1 is subjected to a 
frequency conversion using a local signal S2 to be con- 
verted into an RF signal S3. The RF signal S3, after 
passing through a bandpass filter (BPF) 7 for removing 
unnecessary frequency components, is inputted to a 
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second variable gain amplifier 8 in which the RF signal 
S3 is adjusted for the gain by a width of 30 [dB]. Finally, 
the gain adjusted RF signal S3 undergoes a constant 
signal amplification (for example, approximately 20 
s [dB]) by a power amplifier 9, and then is inputted through 
an RF signal line 1 0 to a bandpass filter 1 1 for removing 
herein unnecessary frequency components. The RF 
signal S3 having the unnecessary components re- 
moved is finally supplied to the transmission antenna 2 
10 as a signal to be transmitted having desired power. 

In the transmitter circuit 1 as described above, since 
the gain adjustment is divided into two steps, a signal 
level change from the input terminal (3) to the output 
terminal (2) can be limited to 50 [dB] at maximum. Ad- 
is ditionally, since this results in a smaller difference be- 
tween a maximum level and minimum level of a signal 
at connecting points of respective elements, the dynam- 
ic range of each element can be reduced. As a result, 
the transmitter circuit 1 can provide a wide dynamic 
20 range as a whole while limiting the dynamic range of 
each element. 

As another trend in recent years, the mobile radio 
communications system has utilized a wider frequency 
bandwidth with an increasing number of communication 
25 channels. In this case, however, if the BPFs 7, 11 as 
illustrated in Fig. 1 are to be formed of a single element, 
this causes inconveniences such as an extremely large 
physical volume of the filter, electrically large loss oc- 
curring in the pass band (in other words, required char- 
30 acteristics cannot be satisfied), and so on. 

To avoid such inconveniences, the pass band of a 
bandpass filter for a wide frequency bandwidth is divid- 
ed into a plurality of regions so that the same function 
as a single bandpass filter is implemented by a plurality 
35 of filter elements. For example, as illustrated in Fig. 2 in 
which parts corresponding to those in Fig. 1 are desig- 
nated the same reference numerals, in a transmitter cir- 
cuit 20, the each pass band of the BPFs 7, 11 is divided 
into two such that a single pass band is implemented by 
40 two filter elements. 

More specifically, the BPF 7 is composed of two 
bandpass filters 21 , 22 having different pass bands from 
each other and switches 23, 24 for switching these fil- 
ters. A desired characteristic can be obtained by chang- 
es ing over the switches 23, 24 in accordance with the fre- 
quency of an RF signal S3. Also, the BPF 11 is com- 
posed of two bandpass filters 25, 26 having different 
pass bands from each other and switches 27, 28 for 
switching these filters. A desired characteristic can be 
so obtained by changing over the switches 27, 28 in ac- 
cordance with the frequency of the RF signal S3. In this 
way, the BPFs 7, 11 each having a smaller volume and 
a smaller loss can be realized, even if the physical vol- 
umes and loss of the switches 23, 24 and 27 ; 28 are 
ss negatively evaluated. Also, a reduction in size and pow- 
er consumption can be achieved in the transmitter circuit 
20 as a whole. 

On the other hand, to avoid the above-mentioned 
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problem with respect to the reception, a receiver circuit 
30 in a mobile terminal has a gain adjusting circuit di- 
vided into a plurality of portions, as illustrated in Fig. 3. 
For example, it a received signal includes level fluctua- 
tions over 80 [dB] at a reception antenna 31 in the sys- 
tem, the receiver circuit 30 is required to adjust at least 
80 fdBl of gain in order to make the signal level constant 
at arSignal output terminal 32. Thus, in the receiver cir- 
cuit 30, 50 [dB] is adjusted by an intermediate frequency 
(IF frequency) and the remaining 30 [dB] by a radio fre- 
quency (RF frequency). 

An RF signal S5 having level fluctuations over 80 
[dB] received by the reception antenna 31 is passed 
through a bandpass filter 33 to remove unnecessary fre- 
quency components, and subsequently inputted to a 
first variable gain amplifier 35 through an RF signal line 
34 The first variable gain amplifier 35 applies the RF 
signal S5 with gain adjustment of a width of 30 [dB] in 
accordance with a signal level. Thus, the RF signal S5 
ouiputied Irom the first variable gain amplifier 35 will 
have level fluctuations over 30 [dBI. This RF signal S5, 
riftcr unnecessary frequency components are removed 
ihcfelfom by a bandpass filter 36, is inputted to a fre- 
quency mixer 37 where it is subjected to frequency con- 
version using t local signal S6 to be converted into an 
if s»Qrv*i 

The if &«qrv«i S7 is inputted to a bandpass filter 38, 
whore n^i nen' distortions generated by the frequency 
~7 -«nri hrvjnoncy components of disturbing 
*%,<vc* ma fomnv<xl and then inputted to a second var- 
wo*e Qx**> nmpidief 39 The second variable gain ampli- 
t*ef- 3° ^pp ies arir> adjustment of a width of 50 [dB] to 
the* mpunod s»crwi) S7 to make the signal level of the 
if s<Qrvti S" constant i n this way, the signal output ter- 
m»v« Xl is suppfcoo with the IF signal S7 having its level 

m the recede circuit 30 as described above, since 
: ho p/«n rtdjustment is divided into two steps, a signal 
le^oi crvmoe irom the input terminal (31) to the output 
terminal (32* c*n be limited to 50 [dB] at maximum. Ad- 
dror^iry smce this results in reducing the difference be- 
tween a fTvtumum level and minimum level of a signal 
at connecting points of respective elements, the dynam- 
ic range of each clement can be reduced. As a result, 
the receive^ circufl 30 can provide a wide dynamic range 
as a whole while limiting the dynamic range of each el- 
ement 

In recent yo«is as another movement, Ihe mobile 
radio cominunicrtiions system tends to utilize a wider 
frequency bandwidth with an increasing number of com- 
munication channels. In this case, however, il the BPFs 
33, 35 as illustrated in Fig. 3 are to be formed of a single 
clement, this causes inconveniences such as an ex- 
tremely large physical volume of the filter, electrically 
large loss occurring in the pass band (in other words, 
required characteristics cannot be satisfied), and so on. 

To avoid such inconveniences, the pass band of a 
bandpass filter for a wide frequency bandwidth is divid- 



ed into a plurality of regions such that a single bandpass 
filter is implemented by a plurality of filter elements. For 
example, as illustrated in Fig. 4 in which parts corre- 
sponding to those in Fig. 3 are designated the same ref- 
s erence numerals, a receiver circuit 40 has a single band- 
pass filter implemented by a two filter elements for a 
pass band divided into two. 

More specifically, a BPF 33 is composed of two 
bandpass filters 41 , 42 having different pass bands from 

10 each other and switches 43, 44 for switching these fil- 
ters. A desired characteristic can be obtained by chang- 
ing over the switches 43, 44 in accordance with the fre- 
quency of an RF signal S5. Also, the BPF 36 is com- 
posed of two bandpass filters 45, 46 having different 

is pass bands from each other and switches 47, 48 for 
switching these filters. A desired characteristic can be 
obtained by changing over the switches 47, 48 in ac- 
cordance with the frequency of the RF signal S5. In this 
way, the BPFs 33, 36 each having a smaller volume and 

20 smaller loss can be realized, even if the physical vol- 
umes and loss of the switches 43, 44 and 47 : 48 are 
negatively evaluated. Additionally, a reduction in size 
and power consumption can be achieved in the receiver 
circuit 40 as a whole. 

2S The transmitter circuits 1, 20 as mentioned above 
have a problem that the variable gain amplifiers 5, 8 and 
the power amplifier 9 must be always supplied with elec- 
tric power for the gain adjustment, so that electric power 
is consumed for nothing. 

30 Particularly, since the power amplifier 9 is an ampli- 
fier at the RF stage, its power addition efficiency gener- 
ally tends to significantly degrade if a low level signal is 
inputted thereto. Thus, even if the variable gain amplifier 
8 performs the gain adjustment, there is a fear that the 

35 power amplifier 9 would further consume'electric power 
for nothing. 

If electric power is consumed for nothing in this way 
in the transmitter circuits 1 , 20, a communication avail- 
able time will be shortened in a battery driven mobile 

40 terminal, thus causing a grave problem. 

Similarly, the receiver circuits 30, 40 as mentioned 
above have a problem that the variable gain amplifiers 
35, 39 must be always supplied with electric power for 
the gain adjustment, so that electric power is consumed 

45 for nothing. If electric power is consumed for nothing in 
this way in the receiver circuits 30, 40, a stand-by time 
and a communication available time will be shortened 
in a battery driven mobile terminal, thus causing a grave 
problem. 

50 Also, in the receiver circuits 30, 40, if disturbing 
waves are present in a received signal (S5) in a pass 
band of the BPF 33, the variable gain amplifier 35 or the 
frequency mixer 37 may be saturated depending on the 
level of the disturbing waves, possibly resulting in re- 

55 straining the received signal to cause significant degra- 
dation in the reception sensitivity. 

In view of the foregoing, an object of this invention 
is to provide a transmitting apparatus and a method of 
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adjusting the gain of a signal to be transmitted which are 
capable of suppressing unnecessary power consump- 
tion, and a receiving apparatus and a method of adjust- 
ing the gain of a received signal which are capable of 
suppressing useless power consumption. 

The foregoing objects and other objects of the in- 
vention have been achieved by the provision of the 
transmitting apparatus having gain varying means. The 
gain varying means comprises: a plurality of signal lines 
for connecting, on a one-by-one basis, a plurality of out- 
put terminals of a first signal line selecting means to a 
plurality of input terminals of a second signal line select- 
ing means, and having different gains from each other 
by signal amplifying means; and signal line control 
means for controlling the switching of connection rela- 
tionships in the first and second signal line selecting 
means by applying control signals to control terminals 
of the first and second signal line selecting means, in 
which the signal line control means selects an optimal 
signal line from among the plurality of signal lines to per- 
form gain adjustment on a signal to be transmitted, 
which is supplied to an input terminal of the first signal 
line selecting means. In this way, power consumption of 
each signal amplifying means can be optimized in ac- 
cordance with its gain value, and signal amplifying 
means in signal lines not selected are prevented from 
operating, thus making it possible to suppress unnec- 
essary power consumption. 

Further, according to this invention, the second sig- 
nal line selecting means is formed by a directional cou- 
pler composed of parallel two lines. The signal line se- 
lecting means of the gain varying means is formed by a 
directional coupler, so that the insertion loss generated 
at the signal line selecting means can be reduced. 

Further, according to this invention, the second line 
of the directional coupler forming the second signal line 
selecting means is connected to predetermined signal 
level detecting means. The signal line selecting means 
which is in the nearest to the output side is formed by a 
directional coupler, and the second line of the directional 
coupler is connected to predetermined signal level de- 
tecting means, so that the signal level detecting means 
takes in the voltage value of a signal which appears on 
the second line and can easily detect the transmission 
signal level to be output finally. Therefore, the signal line 
selecting means is used in common with the signal level 
extracting means in the detection of signal level so as 
to further simplify the construction. 

Further, according to this invention, a gain varying 
means contained in the transmitting apparatus compris- 
es: a plurality of first signal lines for connecting, on a 
one-by-one basis, a plurality of output terminals of a first 
signal line selecting means to a plurality of input termi- 
nals of a second signal line selecting means, and having 
different gains from each other by signal amplifying 
means; a plurality of second signal lines for connecting, 
on a one-by-one basis, a plurality of output terminals of 
a third signal line selecting means to a plurality of input 



terminals of a first signal line selecting means, and hav- 
ing different pass band characteristics from each other 
by filter means; and signal line control means for con- 
trolling the switching of connection relationships in the 
5 first, second, and third signal line selecting means by 
applying control signals to control terminals of the first, 
second, and third signal line selecting means, in which 
the signal line control means selects an optimal signal 
line from among the first and second signal lines to per- 
10 form gain adjustment on a signal to be transmitted, 
which is supplied to an input terminal of the third signal 
line selecting means, and to switch a pass band. In this 
way, since signal amplifying means in signal lines not 
selected can be prevented from operating, unnecessary 
is power consumption can be suppressed. Simultaneous- 
ly, the pass band characteristics can also be switched. 

Further, according to this invention, a gain varying 
means contained in the transmitting apparatus compris- 
es: a plurality of first signal lines for connecting, on a 
20 one-by-one basis, a plurality of output terminals of a first 
signal line selecting means to a plurality of input termi- 
nals of a second signal line selecting means, and having 
different gains from each other by signal amplifying 
means; a plurality of second signal lines for connecting, 
25 on a one-by-one basis, a plurality of output terminals of 
a second signal line selecting means to a plurality of in- 
put terminals of a third signal line selecting means, and 
having different pass band characteristics from each 
other by filter means; and signal line control means for 
30 controlling the switching of connection relationships in 
the first, second, and third signal line selecting means 
by applying control signals to control terminals of the 
first, second, and third signal line selecting means, in 
which the signal line control means selects an optimal 
35 signal line from among the first and second signal lines 
to perform gain adjustment on a signal to be transmitted, 
which is supplied to an input terminal of the first signal 
line selecting means, and to switch a pass band. In this 
way, since signal amplifying means in signal lines not 
40 selected can be prevented from operating, unnecessary 
power consumption can be suppressed. Simultaneous- 
ly, the pass band characteristics can also be switched. 

Further, according to this invention, a gain varying 
means contained in the transmitting apparatus compris- 
es es: a plurality of first signal lines for connecting, on a 
one-by-one basis, a plurality of output terminals of a first 
signal line selecting means to a plurality of input termi- 
nals of a second signal line selecting means, and having 
different gains from each other by signal amplifying 
50 means; a plurality of second signal lines for connecting, 
on a one-by-one basis : a plurality of output terminals of 
a third signal line selecting means to a plurality of input 
terminals of a first signal line selecting means, and hav- 
ing different pass band characteristics from each other 
55 by filter means; a plurality of third signal lines for con- 
necting, on a one-by-one basis, a plurality of output ter- 
minal of a second signal line selecting means to a plu- 
rality of input terminal of a fourth signal line selecting 
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means, and having different pass band characteristics 
from each other by filter means; and signal line control 
means for controlling the switching of connection rela- 
tionships in the first, second, third, and fourth signal line 
selecting means by applying control signals to control s 
terminals of the first, second, third, and fourth signal line 
selecting means, in which the signal line control means 
selects an optimal signal line from among the first, sec- 
ond, and third signal lines to perform gain adjustment 
on a signal to be transmitted, which is supplied to an 
input terminal of the third signal line selecting means, 
and to switch a pass band. In this way, since signal am- 
plifying means in signal lines not selected can be pre- 
vented from operating, unnecessary power consump- 
tion can be suppressed. Simultaneously, the pass band 
characteristics can also be switched. 

Further, according to this invention, a plurality of sig- 
nal lines having different gain each other are previously 
provided by the signal amplifying means. Then, the level 
of transmission signal required at the output side of the 
signal line is examined and the level of transmission sig- 
nal at the input side of the signal line is examined to 
determine which signal line to be selected in accordance 
with the calculated level difference between two levels. 
The signal line is appropriately selected in accordance 
with the determined result so as to perform an appropri- 
ate gain adjustment on a signal to be transmitted. There- 
fore, signal amplifying means in signal lines not selected 
can be prevented from operating, unnecessary power 
consumption can be suppressed. 

i- Further, the foregoing objects and other objects of 
the invention have been achieved by the provision of the 
receiving apparatus having gain varying means. The 
gain varying means comprises: a plurality of signal lines 
for connecting, on a one-by-one basis, a plurality of out- 
put terminals of a first signal line selecting means to a 
plurality of input terminals of a second signal line select- 
ing means, and having different gains from each other 
by signal amplifying means; and signal line control 
means for controlling the switching of connection rela- 
tionships in the first and second signal line selecting 
means by applying control signals to control terminals 
of the first and second signal line selecting means, 
wherein the signal line control means selects an optimal 
signal line from among the plurality of signal lines to per- 45 
form gain adjustment on a received signal supplied to 
an input terminal of the first signal line selecting means. 
In this way, power consumption of each signal amplify- 
ing means can be optimized in accordance with its gain 
value, and signal amplifying means in signal lines not so 
selected can be prevented from operating, thus making 
it possible to suppress unnecessary power consump- 
tion. In addition, a signal line with a low gain is selected 
if a received signal has a sufficient signal level, so that 
even if disturbing waves are present in a receiving band, 55 
the signal amplifying means can be prevented from sat- 
urating to prevent the received signal from being re- 
strained, thus making it possible to avoid a degraded 



reception sensitivity due to the disturbing waves. 

Further, according to this invention, the first signal 
line selecting means is formed by a directional coupler 
composed of parallel two lines. The signal line selecting 
means of the gain varying means is formed by a direc- 
tional coupler, so that the insertion loss generated at the 
signal line selecting means can be reduced. 

Further, according to this invention, the second line 
of the directional coupler forming the first signal line se- 
lecting means is connected to predetermined signal lev- 
el detecting means. The signal line selecting means 
which is in the nearest to the input side is formed by a 
directional coupler, and the second line of the directional 
coupler is connected to predetermined signal level de- 
tecting means, so that the signal level detecting means 
takes in the voltage value of a signal which appears on 
the second line and can easily detect the received signal 
level to be input. Therefore, the signal line selecting 
means is used in common with the signal level extract- 
ing means in the detection of signal level so as to further 
simplify the construction. 

Further, according to this invention, a gain varying 
means contained in the receiving apparatus comprises: 
a plurality of first signal lines for connecting, on a one- 
by-one basis, a plurality of output terminals of a first sig- 
nal line selecting means to a plurality of input terminals 
of a second signal line selecting means, and having dif- 
ferent gains from each other by signal amplifying 
means; a plurality of second signal lines for connecting, 
on a one-by-one basis, a plurality of output terminals of 
a third signal line selecting means to a plurality of input 
terminals of the first signal line selecting means, and 
having different pass band characteristics from each 
other by filter means; and signal line control means for 
controlling the switching of connection relationships in 
the first, second, and third signal line selecting means 
by applying control signals to control terminals of the 
first, second, and third signal line selecting means, in 
which the signal line control means selects an optimal 
signal line from among the first and second signal lines 
to perform gain adjustment on a received signal sup- 
plied to an input terminal of the third signal line selecting 
means, and to switch a pass band. In this way, since 
signal amplifying means in signal lines not selected can 
be prevented from operating, unnecessary power con- 
sumption can be suppressed. Simultaneously, the pass 
band characteristics can also be switched. 

Further, according to this invention, a gain varying 
means contained in the receiving apparatus comprises: 
a plurality of first signal lines for connecting, on a one- 
by-one basis, a plurality of output terminals of a first sig- 
nal line selecting means to a plurality of input terminals 
of a second signal line selecting means, and having dif- 
ferent gains from each other by signal amplifying 
means; a plurality of second signal lines for connecting, 
on a one-by-one basis . a plurality of output terminals of 
a second signal line selecting means to a plurality of in- 
put terminals of the third signal line selecting means, 
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and having different pass band characteristics from 
each other by filter means; and signal line control means 
for controlling the switching of connection relationships 
in the first, second, and third signal line selecting means 
by applying control signals to control terminals of the 
first, second, and third signal line selecting means, in 
which the signal line control means selects an optimal 
signal line from among the first and second signal lines 
to perform gain adjustment on a received signal sup- 
plied to an input terminal of the first signal line selecting 
means, and to switch a pass band. In this way, since 
signal amplifying means in signal lines not selected can 
be prevented from operating, unnecessary power con- 
sumption can be suppressed. Simultaneously, the pass 
band characteristics can also be switched. 

Further, according to this invention, a gain varying 
means contained in the receiving apparatus comprises: 
a plurality of first signal lines for connecting, on a one- 
by-onc basis a plurality of output terminals of a first sig- 
nal line seleclrig means to a plurality of input terminals 
of a becond biynnl line selecting means, and having dif- 
ferent pa»ns from each other by signal amplifying 
means * p urahfv of second signal lines for connecting, 
on ,t one bv one basis a plurality of output terminals of 
.i tnird o»qn ii i nc selecting means to a plurality of input 
lormjanfe ct tr>o '«rs* signal line selecting means, and 
n^virq d*tte*o'M pass band characteristics from each 
o<*>o' by tine mo-ins a plurality of third signal lines for 
rrmvi nn m ,« -™ by -one basis, a plurality of output 
iivmtfviis ct * sivof d signal line selecting means to a 
pi jr aiity oi npui lot rmnals of a fourth signal line selecting 
means and rv^vtnq different pass band characteristics 
trcm each ocner Dy filter means; and signal line control 
means to* cort*on»nq the switching of connection rela- 
ttonsnps m the f"s: second, third ,and fourth signal line 
s« tecttnq mo*ns Dy applying control signals to control 
tor mnafe o' the ?>'si second, third, and fourth signal line 
selecting rreans n which the signal line control means 
selects an opt nvi s*qnal line from among the first, sec- 
ond and tn.rd sfqnai lines to perform gain adjustment 
on a 'oceived siqnai supplied to an input terminal of the 
third signal lino selecting means, and to switch a pass 
band in this way smce signal amplifying means in sig- 
nal lines net se»ectcd can be prevented from operating, 
unnccessa-y power consumption can be suppressed. 
Smultanecusty tnc oass band characteristics can also 
be switched 

Fur Ihei according to this invention, a plurality of sig- 
nal lines having difleient gain each other are previously 
provided by the signal amplifying means. Then, the level 
of received signal supplied to the input side of the signal 
line is examined The signal line is appropriately select- 
ed in accordance with the examined signal level to out- 
put the received signal of a desired signal level to the 
output side of signal line so as to perform an optimal 
gain adjustment on a received signal. Therefore, signal 
amplifying means in signal lines not selected can be pre- 
vented Irom operating, unnecessary power consump- 



tion can be suppressed. 

The nature, principle and utility of the invention will 
become more apparent from the following detailed de- 
scription when read in conjunction with the accompany- 
s ing drawings in which: 

Fig. 1 is a block diagram showing a conventional 
transmitter circuit; 

Fig. 2 is a block diagram showing a conventional 
10 transmitter circuit which has a bandpass filter divid- 
ed into portions; 

Fig. 3 is a block diagram showing a conventional 
receiver circuit; 

Fig. 4 is a block diagram showing a conventional 
is receiver circuit which has a bandpass filter divided 
into portions; 

Fig. 5 is a block diagram showing a gain varying 
means of the transmitter circuit used for explaining 
the principles of the present invention; 
20 Fig. 6 is a flow chart showing a control procedure 
of a signal line control means in the gain varying 
means; 

Fig. 7 is a block diagram showing a transmitter cir- 
cuit according to a first embodiment; 
2S Fig. 8 is a flow chart showing a control procedure 
of a signal line control circuit according to the first 
embodiment; 

Fig. 9 is a block diagram showing a transmitter cir- 
cuit according to a second embodiment; 
30 Fig. 1 0 is a flow chart showing a control procedure 
of a signal line control circuit according to the sec- 
ond embodiment; 

Fig. 1 1 is a block diagram showing a transmitter cir- 
cuit according to a third embodiment; 
35 Fig. 12 is a block diagram explaining the operation 
of a directional coupler; 

Fig. 13 is a characteristic curve diagram showing 
an example of a dynamic range of the transmitter 
circuit according to the third embodiment; 
40 Fig. 14 is a characteristic curve diagram showing 
an example of a dynamic range in the conventional 
case used for explaining the comparison of dynamic 
range; 

Fig. 15 is a characteristic curve diagram showing 
45 an example of a dynamic range in the first embod- 
iment used for explaining the comparison of dynam- 
ic range; 

Fig. 1 6 is a block diagram showing a transmitter cir- 
cuit according to a fourth embodiment; 

50 Fig. 17 is a block diagram showing a gain varying 
means of a receiver circuit used for explaining the 
principles of the present invention; 
Fig. 18 is a flow chart showing a control procedure 
of a signal line control means in the gain varying 

ss means; 

Fig. 1 9 is a block diagram showing a receiver circuit 

according to a fifth embodiment; 

Fig. 20 is a flow chart showing a control procedure 
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of a signal line control circuit according to the fifth 
embodiment; 

Fig. 21 is a block diagram showing a receiver circuit 

according to a sixth embodiment; 

Fig. 22 is a flow chart showing a control procedure 

of a signal line control circuit according to the sixth 

embodiment; 

Fig. 23 is a block diagram showing a receiver circuit 
according to a seventh embodiment; and 
Fig. 24 is a block diagram showing a receiver circuit 
according to a eighth embodiment. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

Preferred embodiments of this invention will be de- 
scribed with reference to the accompanying drawings: 

(1) Transmitter Circuit 

(1-1) First Embodiment 

First, the principles of a transmitter circuit will be de- 
scribed with reference to Fig. 5. In a transmitter circuit 
applying the present invention, a gain varying means 50 
as illustrated in Fig. 5 is utilized to perform gain adjust- 
ment while suppressing unnecessary power consump- 
tion. 

Generally, the gain varying means 50 is composed 
of first and second signal line selecting means 51, 52 
each having a plurality of input and output terminals; a 
plurality of signal lines 53 to 56 having different gains 
forxconnecting between terminals of the first and second 
signal line selecting means 5 1 , 52; and a signal line con- 
trol means 57 for controlling selecting operations of the 
first and second signal line selecting means 51 , 52. 

First, the first signal line selecting means 51 has at 
least one input terminal 58, a plurality of output terminals 
59, and a control terminal 60, and is configured such 
that it can switch a connection relationship between the 
input terminal 58 and the output terminals 59 in re- 
sponse to a control signal S10 supplied to the control 
terminal 60. 

The second signal line selecting means 52, in turn, 
has a plurality of input terminals 61 and at least one out- 
put terminal 62, and a control terminal 63, and is con- 
figured such that it can switch a connection relationship 
between the input terminals 61 and the output terminal 
62 in response to a control signal S11 supplied to the 
control terminal 63. 

The output terminals 59 of the signal line selecting 
means 51 are connected to the input terminals 61 of the 
signal line selecting means 52 by the signal lines 53 to 
56 having different gains from each other. In this config- 
uration, signal amplifying means 64 to 67 having differ- 
ent gains from each other are inserted in the signal lines 
53 to 56, respectively, so that the respective signal lines 
are provided with different gains. 

The signal line control means 57, which controls se- 



lecting operations of the first and second signal line se- 
lecting means 51, 52, determines a signal lines (53 to 
56) to be selected in accordance with a signal level to 
be outputted to the output terminal 62, and outputs the 
5 control signals S10, S11 in accordance with the deter- 
mination result to control the selecting operations of the 
signal line selecting means 51, 52. 

More specifically, in this event, the signal line con- 
trol means 57 executes a control procedure as illustrate 
10 ed in Fig. 6. The control procedure first begins at step 
SP1 , and the control means 57 reads data on transmis- 
sion power as a signal level to be outputted to the output 
terminal 62 at step SP2. Next, at step SP3, the control 
means 57 reads data on signal level of an input signal 
is supplied to the input terminal 58. Next, at step SP4, the 
control means 57 calculates a level difference between 
the two read data, and determines which signal line to 
be selected in accordance with the calculated level dif- 
ference. Next, at step SP5, the control means 57 outputs 
the control signals S10, S11 in accordance with the de- 
termination result, thereby switching the selecting oper- 
ations of the signal line selecting means 51 , 52 to select 
an optimal signal line. After completing this processing, 
the signal line control means 57 proceeds to step SP7 
to terminate the processing. 

In this way, the gain varying means 50 switches the 
signal lines 53 to 56 in accordance with a signal level to 
be outputted to the output terminal 62 to perform the 
gain adjustment for the whole transmitter circuit In this 
event, since the signal amplifying means 64 to 67 have 
fixed gain values, the gain varying means 50 performs 
discrete gain adjustment. However, the gain varying 
means 50 can maintain optimized power consumption 
of the respective signal amplifying means 64 to 67 in 
accordance with the respective gain values and can also 
turn off signal amplifying means arranged in signal lines 
not selected, thus making it possible to suppress unnec- 
essary power consumption. 

Incidentally, at least one of the plurality of signal 
lines 53 to 56 may be replaced with a mere transmission 
path without signal amplifying means, or an attenuator 
may be inserted instead of a signal amplifying means in 
at least one of the plurality of signal lines 53 to 56. In 
this way, a much larger gain difference can be produced. 
Also, in this case, since attenuators and transmission 
paths are essentially passive elements and therefore do 
not consume electric power, unnecessary power con- 
sumption can be more suppressed. 

Here, a transmitter circuit practically incorporating 
the gain varying means 50 as described above is illus- 
trated in Fig. 7 in which parts corresponding to those in 
Fig. 1 are designated the same reference numerals. In 
a transmitter circuit 70, a gain varying circuit 71 corre- 
sponds to the foregoing gain varying means 50. The 
gain varying circuit 71 performs gain adjustment in an 
RF frequency band. 

Generally, the gain varying circuit 71 is composed 
of signal line change-over switches 72, 73; signal lines 
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74, 75 having djffgtfinLsain^which are switched by the 
signal line change-over switches 72, 73; and a signal 
line control circuit 76 for controlling switching operations 
of the signal line change-over switches 72, 73. In other 
words, the signal line change-over switches 72, 73 cor- 
respond to the foregoing signal line selecting means 51 , 
52, the signal lines 74, 75 correspond to the foregoing 
signal lines 53 to 56, and the signal line control circuit 
76 corresponds to the foregoing signal line control 
means 57. 

In case of the gain varying circuit 71 , the signal line 
74, one of the two signal lines, is formed of a transmis- 
sion path without amplifier, while the other signal line 75 
is provTolJorwitrr^ 77 for amplifying electric 

power, for example^oyioTdB]. Incidentally, electric 
power consumed by the amplifier 77 arranged in the sig- 
nal line 75 is optimized in accordance with the gain val- 
ue. 

The signal line control circuit 76 outputs control sig- 
nals S10, S11 to switch the signal line change-over 
switches 72, 73, thus selecting one of the two signal 
lines 74, 75. In this event, the signal line control circuit 
76 examines a necessary signal level at a transmission 
antenna end to determine whether or not an RF signal 
S3 requires power amplification. The signal line control 
circuit 76 selects the signal line 75 when the power am- 
plification is required, and selects the signal line 74 
when no power amplification is required. For reference, 
when the signal line 74 is selected, the amplifier 77 is 
turned off by the signal line control circuit 76. 

In this way, the gain varying circuit 71 switches the 
signal lines (74, 75) to perform the gain adjustment. In 
this event, the gain varying circuit 71 may take two gain 
conditions: one is a 0 [dB] condition when the signal line 
74 is selected, and the other is a 20 [dB] condition when 
the signal line 75 is selected. As is apparent from this, 
the gain adjustment at the RF stage is discrete. Howev- 
er, in the transmitter circuit 70, since the IF stage is pro- 
vided with a variable gain amplifier 5 capable of contin- 
uous gain adjustment, the continuous gain adjustment 
is performed by the variable gain amplifier 5 to compen- 
sate for the discrete gain adjustment at the RF stage. In 
other words, the transmitter circuit 70 produces a finally 
desired gain by the two elements: the gain varying circuit 
71 performing discrete gain adjustment and the variable 
gain amplifier 5 performing continuous gain adjustment. 

Now, a control procedure of the signal line control 
circuit 76 will be specifically described with reference to 
a flow chart illustrated in Fig. 8. First, the control proce- 
dure begins with step SP10, and at step SP11 , the con- 
trol circuit 76 reads transmission power data "A* as in- 
formation on a required signal level at a transmission 
antenna end. Next, at step SP12, the control circuit 76 
reads a reference level "B" for switching the signal lines. 
In this event, the reference level is read instead of the 
signal level of an RF signal S3 because there are only 
two signal lines to be switched, so that it becomes nec- 
essarily aware which of the signal lines should be se- 



lected only by determining whether or not required 
transmission power exceeds the reference level. 

Next, at step SP13, the read transmission power 
data "A" is compared with the reference level "B". As a 
s result, the control procedure proceeds to step SP14 
when the transmission power data "A" is smaller, while 
the control procedure proceeds to step SP1 5 when the 
transmission power data "A" is larger. 

At step SP14, the signal line control circuit 76 con- 
10 trols the signal line change-over switches 72, 73 to se- 
lect the signal line 74 formed of a mere transmission 
path. On the other hand, at step SP15, the signal line 
control circuit 76 controls the signal line change-over 
switches 72, 73 to select the signal line 75 having a pre- 
is determined gain and turns on the amplifier 77 which pro- 
duces the gain. 

After completing the processing at step SP14 or at 
step SP15, the control procedure proceeds to subse- 
quent step SP16, where the gain of the variable gain 
20 amplifier 5 is adjusted to adjust the gain of the whole 
transmitter circuit 70. This causes the transmission an- 
tenna 2 to be supplied with an RF signal S3 which has 
been amplified to desired power. In other words, a signal 
level required at the transmission antenna end is satis- 
25 fied. After completing the processing at step SP16, the 
control procedure proceeds to step SP17 to terminate 
the processing. 

With the foregoing configuration, in the case of the 
gain varying circuit 71 , the gain adjustment is carried out 
30 by switching the two signal lines 74, 75 having different 
gains arranged. Specifically, a signal level required at 
the transmission antenna end is examined, and the sig- 
nal line 75 having the amplifier 77 is selected when pow- 
er amplification is required, while the signal line 74 
35 formed of a mere transmission path without amplifier is 
selected when no power amplification is required. In this 
event, the amplifier 77 is operated only when the signal 
line 75 is selected. Thus, the amplifier need not be al- 
ways operated as before, making it possible to suppress 
40 unnecessary power consumption. Therefore, by using 
the transmitter circuit 70 which adjusts the gain by the 
gain varying circuit 71 as described above, a battery life 
for a mobile terminal can be extended, and hence a 
communication available time can be made longer. 
45 Incidentally, since the gain varying circuit 71 per- 
forms the gain adjustment by switching the two signal 
lines 74, 75 having different gains, the resulting gain ad- 
justment is discrete. For this reason, the transmitter cir- 
cuit 70 utilizes the variable gain amplifier 5 arranged at 
50 the IF stage to compensate for a discrete gain change 
to provide a desired gain change as a whole. By thus 
performing the gain adjustment with both of the gain var- 
ying circuit 71 and the variable gain amplifier 5, the dy- 
namic range of each element can be reduced also in the 
55 transmitter circuit 70. 

Further, the power amplifier at the RF stage tends 
to make the power adding efficiency worse when the low 
level signal is input. Even if the gain adjustment is per- 
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formed by the gain varying amplifier at the IF stage, pow- 
er may be wastefully consumed by the power amplifier 
at the RF stage. However, in this embodiment, the am- 
plifier 77 is operated only when necessary, so as to di- 
minish the wasteful power consumption. 

According to the foregoing configuration, the gain 
adjustment is carried out by switching the signal line 74 
formed of a mere transmission path without amplifier 
and the signal line 75 having the amplifier 77, and the 
amplifier 77 is operated only when the signal line 75 is 
selected, so that the amplifier need not be always oper- 
ated as before, thus making it possible to suppress un- 
necessary power consumption. 

(1-2) Second Embodiment 

Fig. 9 shows a transmitter circuit 79 according to a 
second embodiment, where parts corresponding to 
those in Fig. 2 are designated the same reference nu- 
merals. While the foregoing first embodiment has been 
described for the case where the gain is merely switched 
by the gain varying circuit 71 , this embodiment switches 
a bandpass filter as well as the gain by a gain varying 
circuit. 

Generally, a gain varying circuit 80 is composed of 
signal line change-over switches 81 , 82 and 83, 84; two 
signal lines 85, 86 having different gains; bandpass fil- 
ters 21, 22 and 25, 26 having different pass bands; and 
a signal line conlrol circuit 87 for controlling switching 
operations of the signal line change-over switches 81, 
82 and 83. 84. 

, The signal line change-over switch 81 comprises a 
circular switch composed of four switches 81 A to 81 D 
connected in a circular shape, wherein two opposite 
ones of four connection cross-points are used as input 
terminals and the remaining two are used as output ter- 
minals, so that an input terminal and an output terminal 
can be connected by a single switch. In this case, the 
two input terminals are connected to the bandpass filters 
21, 22, respectively, while the two output terminals are 
connected to the signal lines 85, 86, respectively. Thus, 
the signal line change-over switch 81 switches connec- 
tion between the bandpass filters 21, 22 and the signal 
lines 85 : 86. 

Likewise, the signal line change-over switch 82 also 
comprises a circular switch composed of four switches 
82A to 82D connected in a circular shape, wherein two 
opposite ones of four connection cross-points are used 
as input terminals and the remaining two are used as 
output terminals, so that an input terminal and an output 
terminal can be connected by a single switch. In this 
case : the two input terminals are connected to the signal 
lines 85, 86, respectively, while the two output terminals 
are connected to the bandpass filters 25, 26, respective- 
ly. Thus, the signal line change-over switch 82 switches 
connection between the signal lines 85 ; 86 and the 
bandpass filters 25, 26. 

The signal line change-over switch 83 in turn is a 



switch for switching filters to be applied to an RF signal 
S3, and connects one of the bandpass filters 21 , 22 to 
a frequency mixer 6. Also, the signal line change-over 
switch 84 is a switch for supplying a transmission an- 
5 tenna 2 with the RF signal S3 bandwidth limited by the 
bandpass filter 25 or the bandpass filter 26, and con- 
nects one of the bandpass filters 25, 26 to the transmis- 
sion antenna 2. 

Also in this embodiment, the signal line 85, one of 
io the two signal lines, is formed of a mere transmission 
path without amplifier, while the other signal line 86 is 
configured to perform power amplification of, for exam- 
ple, 20 [dB] by an amplifier 88. Incidentally, also in this 
embodiment, the power consumption of the amplifier 88 
*5 arranged in the signal line 86 is optimized in accordance 
with the gain value. 

The bandpass filters 21 , 22 are filters having differ- 
ent pass bands from each other so that the two filters 
cover the whole bandwidth of the RF signal S3. Similar- 
ly, the bandpass filters 25, 26 are filters having different 
pass bands from each other so that the two filters cover 
the whole bandwidth of the RF signal S3. By thus divid- 
ing the pass band, a smaller volume and smaller loss 
bandpass filter is realized also in the transmitter circuit 
79. 

The signal line control circuit 87 outputs control sig- 
nals S20, S21 to switch the signal line change-over 
switches 81, 82, and also outputs control signals S22, 
S23 to switch the signal line change-over switches 83, 
84. In this event, the signal line control circuit 87 exam- 
ines a signal level required at a transmission antenna 
end to determine whether or not an RF signal S3 re- 
quires power amplification. The signal line control circuit 
87 selects the signal line 86 when power amplification 
is required and selects the signal line 85 when no power 
amplification is required. For reference, when the signal 
line 85 is selected, the amplifier 88 is turned off by the 
signal line control circuit 87. 

Also, the signal line control circuit 87 examines the 
frequency used by the RF signal S3 to determine which 
of the bandpass filters should be selected, and switches 
the signal line change-over switches 81 to 84 based on 
the determination result. 

Incidentally, also in this embodiment, since the gain 
adjustment is performed by selecting a signal line (85, 
86), the resulting gain adjustment is discrete at the RF 
stage. For this reason, in the transmitter circuit 79, a var- 
iable gain amplifier 5 at the I F stage continuously adjusts 
the gain to compensate for the discrete gain adjustment 
at the RF stage. 

Now, a control procedure of the signal line control 
circuit 87 will be specifically described with reference to 
a flow chart of Fig. 10. First, the control procedure be- 
gins with step SP20, and at step SP21 , the control circuit 
87 reads transmission power data "A" as information on 
a signal level required at the transmission antenna end, 
and reads a reference level "B" for switching the signal 
lines at next step SP22. Next, the control circuit 87 reads 
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a frequency T used by an RF signal S3 at step SP23, 
and reads a reference frequency "i Q u for switching band- 
pass filters at next step SP24. 

At next step SP25, the read transmission power da- 
ta "A" is compared with the reference level "B". As a re- 
sult, the control procedure proceeds to step SP26 when 
the transmission power data "A" is smaller, and pro- 
ceeds to step SP27 when the transmission power data 
"A" is larger. 

At step SP26, the read used frequency T is com- 
pared with the reference frequency "f 0 ". As a result, the 
control procedure proceeds to step SP28 when the used 
frequency T is lower, and proceeds to step SP29 when 
the used frequency f is higher 

When the control procedure proceeds to step SP28, 
the signal line control circuit 87 switches the signal line 
change-over switch 83 to the bandpass filter 21 side, 
switches the signal line change-over switch 84 to the 
bandpass filter 25 side, and turns on the switch 81 A of 
Ihe signal line change-over switch 81 and the switch 82A 
of the signal line change-over switch 82. In this way, the 
RF signal S3 is supplied to the transmission antenna 2 
through the bandpass filter 21, the signal line 85, and 
the bandpass filter 25 in order. 

On the other hand, when the control procedure pro- 
ceeds to step SP29, the signal line control circuit 87 
switches the signal line change-over switch 83 to the 
bandpass filter 22 side, switches the signal line change- 
over switch 84 to the bandpass filter 26 side, and turns 
on the switch 81 B of the signal line change-over switch 
81 and the switch 82D of the signal line change-over 
switch 82. In this way, the RF signal S3 is supplied to 
the transmission antenna 2 through the bandpass filter 
22, the signal Iine85 : and the bandpass filter 26 in order. 

When the control procedure proceeds to step SP27, 
the read used frequency 1" is compared with the refer- 
ence frequency "f 0 B in a similar manner. As a result, the 
control procedure proceeds to step SP30 when the used 
frequency 1" is lower, and proceeds to step SP31 when 
the used frequency T is higher. 

When the control procedure proceeds to step SP30, 
the signal line control circuit 87 switches the signal line 
change-over switch 83 to the bandpass filter 21 side, 
switches the signal line change-over switch 84 to the 
bandpass filter 25 side, turns on the switch 81 D of the 
signal line change-over switch 81 and the switch 82B of 
the signal line change-over switch 82, and turns on the 
amplifier 88. In this way, the RF signal S3 is supplied to 
the transmission antenna 2 through the bandpass filter 
21 , the signal line 86 ; and the bandpass filter 25 in order. 

On the other hand, when the control procedure pro- 
ceeds to step SP31, the signal line control circuit 87 
switches the signal line change-over switch 83 to the 
bandpass filter 22 side, switches the signal line change- 
over switch 84 to the bandpass filter 26 side, turns on 
the switch 81 C of the signal line change-over switch 81 
and the switch 82C of the signal line changeover switch 
82, and turns on the amplifier 88. In this way, the RF 



signal S3 is supplied to the transmission antenna 2 
through the bandpass filter 22, the signal line 86, and 
the bandpass filter 26 in order. 

After completing the processing at step SP28, 
5 SP29, SP30 or SP31 as described above, the control 
procedure proceeds to next step SP32, where the gain 
of the variable gain amplifier 5 is adjusted to coordinate 
the gain of the whole transmitter circuit 79. After com- 
pleting the processing at step SP32, the control proce- 
10 dure proceeds to step SP33 to terminate the processing. 
With the foregoing configuration: in this embodi- 
ment, the bandpass filter is switched together with the 
gain adjustment performed by the gain varying circuit 
80. In this event, the signal line control circuit 87 controls 
is switching states of the signal line change-over switches 
81 to 84 in the gain varying circuit 80 to simultaneously 
perform the gain adjustment and the switching of the 
bandpass filter. 

Incidentally, in this embodiment, the connection be- 
20 tween one of the two signal lines having different pass 
band characteristics (i.e., the signal line having the 
bandpass filter 21 and the signal line having the band- 
pass filter 22) and one of the two signal lines 85, 86 hav- 
ing different gains is switched by the signal line change- 
rs over switch 81 comprising a circular switch. 

When the connection is switched by the signal line 
change-over switch 81 comprising a circular switch as 
mentioned above, insertion loss occurring in the signal 
line change-over switch 81 can be reduced. This is be- 
30 cause, in the circular switch, the signal line is switched 
by turning on one of the four switches 81 A to 81 D, so 
that only one switch is inserted in the signal line. Gen- 
erally, for switching the connection between one of two 
lines on the input side and one of two lines on the output 
35 side, it is often the case that the switching is carried out 
by a combination of two switches. In this case, however, 
two switches are inserted in a signal line, resulting in 
larger insertion loss. On the other hand, when a circular 
switch is used as is the case of this embodiment, only 
40 one switch is inserted in a signal line, so that insertion 
loss can be reduced. 

Also in this embodiment, the connection between 
one of the two signal lines 85, 86 having different gains 
and the two signal lines having different pass band char- 
ts acteristics (i.e., the signal line having the bandpass filter 
25 and the signal line having the bandpass filter 26) is 
switched by the signal line change-over switch 82 com- 
prising a circular switch. By a similar reason, insertion 
loss can be reduced also in this portion. 
so Incidentally, also in this embodiment, since the am- 
plifier 88 is operated only when the signal line 86 is se- 
lected, useless power consumption can be suppressed. 
In addition, the whole gain adjustment is performed by 
both of the gain varying circuit 80 and the variable gain 
55 amplifier 5, the dynamic range of each element can be 
reduced. 

According to the foregoing configuration, since the 
signal line change-over switches 81 , 82 each compris- 
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ing a circular switch are used for switching the signal 
lines, the connection between one of the signal lines 
having different pass band characteristics and the signal 
lines 85, 86 having different gains can be simultaneous- 
ly switched with lower insertion loss. 

(1-3) Third Embodiment 

In Fig. 11 , the numeral 90 shows a transmitter circuit 
according to a third embodiment as a whole. In the case 
of the transmitter circuit 90, a gain varying circuit 91 is 
used for suppressing the unnecessary power consump- 
tion and performing gain adjustment. 

First, an IF signal S1 having a constant level, fed 
from an input terminal 3, is inputted through an IF signal 
line 4 to a variable gain amplifier 5 in which the IF signal 
S1 is adjusted for the gain by a width of 50 [dB]. In the 
variable gain amplifiers, for example, a digital gain con- 
trol signal output from specific control means is convert- 
ed into an analog signal to be supplied, so that it is con- 
trolled to a desired gain value. 

The IF signal S1 which is gain-adjusted to a desired 
value by the variable gain amplifier 5 is next inputted to 
a frequency mixer 6 where the IF signal S1 is subjected 
to a frequency conversion using a local signal S2 to be 
converted into an RF signal S3 having a high frequency. 
The RF signal S3, after passing through a RF driver cir- 
cuit 92 for performing a predetermined signal process- 
ing, is inputted to a gain varying circuit 91 . The RF driver 
circuit 92 is composed of a bandpass filter, buffer am- 
plifier, and so on, and removes unnecessary frequency 
components from the RF signal S3 which is frequency- 
converted by the frequency mixer 6. The RF driver cir- 
cuit 92 further performs the impedance adjustment, etc. 
when the RF signal S3 is supplied to the gain varying 
circuit 91. 

The gain varying circuit 91 allows the RF signal S3 
to pass through the signal line having a specific gain 
value if the RF signal S3 is needed to be amplified, and 
to pass through merely a transmission path if the RF 
signal S3 is not needed to be amplified. Thereby, the RF 
signal S3 is adjusted for the gain to the desired signal 
level required at an antenna end. The RF signal S3 ad- 
justed for the gain as described above is finally supplied 
to a transmission antenna 2 to be radiated. 

Generally, the gain varying circuit 91 is composed 
of signal line change-over switches 93, 94; signal lines 
95, 96 having different gains which are switched by the 
signal line change-over switches 93, 94; and a signal 
line control circuit 97 for controlling switching operations 
of the signal line change-over switch 93. 

In the case of the gain varying circuit 91 , one signal 
line 96 of two signal lines is formed by a mere transmis- 
sion path without amplifier, while the other signal line 95 
is so configured as to perform power amplification of, e. 
g., 1 0 [dB] by an amplifier (PA) 98. In addition, the power 
consumption of the amplifier 98 provided at the signal 
line 95 is optimized in accordance with the gain value. 



20 

The signal line change-over switch 93 comprises a 
switch formed by a semiconductor switch, in which the 
RF driver circuit 92 is connected to the input terminal 
and the signal lines 95, 96 are connected to two output 
s terminals respectively. The signal line change-over 
switch 93 switches the passing route of the RF signal 
S3 to one of two signal lines 95 : 96. 

On the other hand, the signal line change-over 
switch 94 is a switch formed by a directional coupler 

10 composed of parallel two lines (94A, 94B), and outputs 
the RF signal S3 passed through the signal line 95 or 
the signal line 96 to the transmission antenna 2. More 
specifically, in the signal line change-over switch 94, the 
signal line 95 is connected to one end of a first line 94A, 

'5 while the transmission antenna 2 is connected to the 
other end, so that the RF signal S3 passed through the 
signal line 95 is supplied to the transmission antenna 2 
through the first line 94A. Also, the signal line 96 is con- 
nected to one end of a second line 94B, while a resist- 

20 ance R1 having the same value as the characteristic im- 
pedance of the second line 94B is connected to the othe r 
end, so that the RF signal S3 passed through the signal 
line 96 is picked up by the first line 94A by the inter-lines 
coupling of the parallel two lines to be supplied to the 

2S transmission antenna 2. 

The signal line control circuit 97 outputs a control 
signal S25 to the signal line change-over switch 93 to 
control the connection relationship of the signal line 
change-over switch 93 in accordance with the signal lev- 

30 el required at the transmission antenna end. More spe- 
cifically, the signal line control circuit 97 examines a nec- 
essary signal level at the transmission antenna end to 
determine whether or not the RF signal S3 requires pow- 
er amplification. The signal line control circuit 97 switch- 
es es the signal line change-over switch 93 to the signal 
line 95 when the power amplification is required, and 
switches the signal line change-over switch 93 to the 
signal line 96 when no power amplification is required. 
For reference, when the signal line 96 is selected be- 

40 cause no power amplification is required, the amplifier 
98 provided at the signal line 95 is turned off by the sig- 
nal line control circuit 97. 

Here, a directional coupler forming the signal line 
change-over switch 94 will be described with reference 

45 to Fig. 12. As shown in Fig. 12, the directional coupler 
100 is generally formed with parallel two lines (100 A, 
100B), which realizes basic operation by respectively 
connecting loads RA to RD of the same impedance as 
the characteristic impedance (Zq) of the lines 100A, 

so 100B to the four terminals (101 A to 101 D). 

For example, when a traveling wave °a" is passed 
through the line I00A, a signal wave "b" appears at the 
line 100B in the opposite direction with respect to the 
traveling wave "a" by the inter-lines coupling of parallel 

55 two lines. At this time, the signal level of the signal wave 
"b" is the signal level depending on the coupling loss of 
the parallel two lines. On the contrary to this, when a 
traveling wave "b" is passed through the line I00B. a sig- 
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nal wave "a" similarly appears at the line 100 A in the 
opposite direction with respect to the traveling wave B b M 
by the inter-lines coupling. 

For reference, il the loads RA to RD connected to 
the line 1 00 A or line 1 00B do not coincide with the char- 
acteristic impedance of the line, reflected wave is gen- 
erated at the line end due to the impedance mismatch- 
ing, and the reflected wave also appears at the other 
line by the inter-lines coupling. For example, when the 
load RD of the impedance which is different from the 
characteristic impedance Zq is connected to the terminal 
101 D, the reflected wave "c" of the traveling wave °a" 
appears at the line 100A, and in this case, the signal 
wave "d" in the opposite direction, with the signal level 
depending on the coupling loss, also appears at the line 
100B by the inter-lines coupling. 

In this way, the directional coupler 100 is a passive 
element having the directionality of four terminals and 
has the reversible relationship between respective ter- 
minals. 

The gain varying circuit 91 according to this embod- 
iment uses such directional coupler 100 to form the sig- 
nal line change-over switch 94, so as to output the RF 
signal S3 passed through the signal line 95 or the signal 
line 96 to the transmission antenna 2. 

With the foregoing configuration, in the case of the 
gain varying circuit 91 , the gain adjustment is carried out 
by switching the two signal lines 95, 96 having different 
gains arranged Specifically a signal level required at 
the transmission antenna end is examined, and the sig- 
nal line 95 having the amplifier 98 is selected when pow- 
er amplification is required, while the signal line 96 
formed of a mere transmission path without amplifier is 
selected when no power amplification is required. In this 
event, the amplifier 98 is operated only when the signal 
line 95 is selected. Thus, the amplifier need not be al- 
ways operated as before, making it possible to suppress 
unnecessary power consumption. Therefore, by using 
the transmitter circuit 90 which adjusts the gain by the 
gain varying circuit 91 as described above, a battery life 
for a mobile terminal can be extended, and hence a 
communication available time can be made longer. 

Incidentally, since the gain varying circuit 91 per- 
forms the gain adjustment by switching the two signal 
lines 95, 96 having different gains, the resulting gain ad- 
justment is discrete. For this reason, the transmitter cir- 
cuit 90 utilizes the variable gain amplifier 5 arranged at 
the IF stage to compensate for a discrete gain change 
to provide a desired gain change as a whole. By thus 
performing the gain adjustment with both of the gain var- 
ying circuit 91 and the variable gain amplifier 5, the dy- 
namic range of each element can be reduced also in the 
transmitter circuit 90. 

Fig. 1 3 shows an example of the dynamic range in 
the case where a mobile terminal is constructed by the 
transmitter circuit 90 as described above. For reference, 
Fig. 14 shows an example of the dynamic range in the 
case where the gain adjustment is performed by a single 
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variable gain amplifier as a conventional one, and Fig. 
15 shows an example of the dynamic range in the case 
where the gain adjustment is performed by both of the 
gain varying circuit 71 and the variable gain amplifier 5 
s as the first embodiment. Note that, in the figure, "MOD" 
denotes a modulator, "PAD" denotes an attenuator, 
"AGC1" denotes a variable gain amplifier, "BPF" de- 
notes a bandpass filter, "MIXER" denotes a frequency 
mixer, "RFD" denotes a RF driver circuit, "PA tt denotes 
10 an amplifier, "DUP" denotes a duplexer circuit, and 
"AGC2" denotes a gain varying circuit, respectively. 

As shown in Fig. 13, in the case where the gain ad- 
justment is performed with the width of 50 [dB] in the 
variable gain amplifier AGC1 at the IF stage and the 
15 width of 25 [dB] in the gain varying circuit AGC2 at the 
RF stage, to divide the gain adjustment into two steps, 
it is enough that the elements from the variable gain am- 
plifier to the RF driver circuit have the dynamic range of 
50 [dB]. On the contrary, as shown in Fig. 1 4, in the case 
20 where the gain adjustment if performed with the width 
of 80 [dB] in the variable gain amplifier as conventional, 
the dynamic range of 80 [dB] is required in the elements 
from the variable gain amplifier to the RF driver circuit. 
By dividing the gain adjustment in this way, the dynamic 
25 range of respective elements can be reduced. 

Further, as shown in Fig. 14, in the case where the 
gain adjustment is performed with the width of 80 [dB] 
by a conventional variable gain amplifier, an attenuator 
having a large amount of attenuation is required at a pre- 
30 vious stage, so that the level diagram is lowered as a 
whole. Therefore, in the conventional case, there arise 
an inconvenience that the out-band signal level be- 
comes high due to the bad noise factor. However, as 
shown in Fig. 13, if the gain assignment is divided, the 
35 attenuation amount of the attenuator which is provided 
at a previous stage of the variable gain amplifier, so as 
to prevent such problem previously. 

In addition, as is clear from Fig. 15, also in the first 
embodiment, the problem in regard to the dynamic 
40 range or the out-band signal level has been improved 
by the same method. 

Further, as is known from the comparison of Fig. 1 3 
and Fig. 1 5, in this embodiment, the coupling loss of the 
directional coupler causes the level down of about 15 
45 [dB] when the signal is not amplified at the gain varying 
circuit 91 (that is, when the signal line 96 is selected). 
However, a problem will not specially arise if it is com- 
pensated with the previous circuits. 

Further, in this embodiment, a semiconductor 
50 switch is not used as the signal line change-over switch 
94 at a output side of the gain varying circuit 91 , but a 
directional coupler is used, so as to decrease the inser- 
tion loss generated at the signal line change-over switch 
94. More specifically, the insertion loss in the case of 
55 semiconductor switch is about 0.6 [dB] ; and the insertion 
loss in the case of directional coupler is about 0.1 [dB]. 
The insertion loss can be reduced for the difference be- 
tween the values (0.5 [dB] = 10% approx ). 
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Further, in this embodiment, the directional coupler 
is used as the signal line change-over switch 94, thereby 
the size of gain varying circuit 91 can be small and the 
entire size of the transmitter circuit 90 can be reduced. 
Specifically, a semiconductor switch which is provided 
at an output side of the amplifier (PA) 98 has a large 
handling power because of a high electric power of the 
RF signal S3 passing through. As a result, the inner 
mask becomes large in making it into an IC and the out- 
ward form package is generally 4.0x4.0 mm at present. 
However, in the case of directional coupler, there is no 
influence from the signal level of the RF signal S3 and 
its size is generally 3.2x1.6 mm. For this reason, the 
directional coupler is used to reduce the size of circuit. 

With the above configuration, the gain adjustment 
is carried out by switching the signal line 96 which is a 
merely transmission path without amplifier and the sig- 
nal line 95 having the amplifier 98, so that the amplifier 
98 can be operated only when the signal line 95 is se- 
lected. Therefore, it is unnecessary to constantly oper- 
ate the amplifier as a conventional one, so that the un- 
necessary power consumption can be suppressed. 

Further, the directional coupler is used as the signal 
line change-over switch 94 provided at the output side 
of the gain varying circuit 91 , so as to decrease the size 
of the gain varying circuit 91 and reduce the insertion 
loss. 

(1-4) Fourth Embodiment 

In Fig. 16, in which the portions corresponding to 
those of Fig. 11 are designated with the same symbols, 
the numeral 105 shows a transmitter circuit as a whole 
according to the fourth embodiment. In this embodi- 
ment, a gain varying circuit 1 06 is used for switching sig- 
nal lines each having a different gain and performing 
gain adjustment of the RF signal S3. 

Generally, the gain varying circuit 106 is composed 
of signal line change-over switches 1 07, 1 08; two signal 
lines 109, 110 having different gains; and a signal line 
control circuit 111 for controlling switching operations of 
the signal line change-over switches 107, 108. 

In the case of the gain varying circuit 106, one signal 
line 110 of two signal lines is formed by a mere trans- 
mission path without amplifier, while the other signal line 
109 is so configured as to perform power amplification 
by an amplifier (PA) 112. In addition, the power con- 
sumption of the amplifier 112 provided at the signal line 
109 is optimized in accordance with the gain value. 

The signal line change-over switch 107 is formed 
by a four-terminals switch in which two semiconductor 
switches 107 A, 107B are combined. One semiconduc- 
tor switch 107 A switches a connection between the sig- 
nal line 109 and the RF driver circuit 92 and the other 
semiconductor switch 107B switches a connection be- 
tween the signal line 110 and the RF driver circuit 92. In 
addition, the semiconductor switch 107B connects the 
signal line 110 to a resistance R2 when the signal line 



110 is not connected to the RF driver circuit 92. 

On the other hand, the signal line change-over 
switch 1 08 is formed by a directional coupler composed 
of parallel two lines (108A. 1 08B) similar to the third em- 
s bodiment, and outputs the RF signal S3 passed through 
the signal line 1 09 or the signal line 1 1 0 to the transmis- 
sion antenna 2. More specifically, in the signal line 
change-over switch 108, the signal line 109 is connect- 
ed to one end of a first line 1 08A, while the transmission 
io antenna 2 is connected to the other end, so that the RF 
signal S3 passed through the signal line 1 09 is supplied 
to the transmission antenna 2 through the first line 108A. 
Also, the signal line 110 is connected to one end of a 
second line 108B, while a resistance R3 having the 
is same value as the characteristic impedance of the sec- 
ond line 108B is connected to the other end, so that the 
RF signal S3 passed through the signal line 110 is 
picked up by the first line 1 08A by the inter-lines coupling 
of the parallel two lines to be supplied to the transmis- 
sion antenna 2. 

The signal line control circuit 111 outputs a control 
signal S26 to the signal line change-over switch 107 to 
control the connection relationship of the signal line 
change-over switch 107 in accordance with the signal 
level required at the transmission antenna end. More 
specifically, the signal line control circuit 111 examines 
a necessary signal level at the transmission antenna 
end to determine whether or not the RF signal S3 re- 
quires power amplification. The signal line control circuit 

111 turns on the semiconductor switch 107 A of the sig- 
nal line change-over switch 107 and switches the sem- 
iconductor switch 1 07B to the resistance R2 side when 
the power amplification is required, and turns off the 
semiconductor switch 107A of the signal line change- 
over switch 1 07 and switches the semiconductor switch 
1 07B to the RF driver circuit 92 side when no power am- 
plification is required. Therefore, if the power amplifica- 
tion is required, the RF signal S3 output from the RF 
driver circuit 92, after being amplified through the signal 
line 109, is supplied to the transmission antenna 2, and 
if the power amplification is not required, the RF signal 
S3 is supplied to the transmission antenna 2 through the 
signal line 110 without amplification. In this way, the gain 
adjustment is performed. For reference, when the signal 
line 110 is selected as a passing route of the RF signal 
S3, the amplifier 112 of the signal line 109 is turned off 
by the signal line control circuit 111. 

The connection cross-points between the second 
line 108B of the signal line change-over switch 108 and 
the resistance R3 is connected to a signal level detect- 
ing circuit 113 via a diode D1, so that the voltage value 
of the signal which appears on the second line 1 08B can 
be taken in at the signal level detecting circuit 113. The 
signal level detecting circuit 11 3 is a circuit for detecting 
the signal level of the RF signal S3 supplied from the 
transmission antenna 2, and detects the signal level of 
the RF signal S3 based on the voltage value of a signal 
which appears at the second line 108B. 
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For instance, when the RF signal S3 is supplied to 
the transmission antenna 2 passed through the signal 
line 109, a signal which is depending on the RF signal 
S3 appears at the line 108B by the inter-lines coupling 
of the directional coupler. The signal level detecting cir- 
cuit 113 examines the voltage value of the signal so as 
to detect the signal level of the RF signal S3 which is 
passed through the signal line 1 09 and is supplied to the 
transmission antenna 2. In addition, the other end of the 
line 108B is connected to the resistance R2 having the 
same value as the characteristic impedance of the line 
1 08B via the semiconductor switch 107B, so that the line 
108B is subjected to the impedance matching. There- 
fore, the line 108B can pick up a signal with a stable 
condition. When signal components reflected at the 
transmission antenna 2 is picked up at the line 108B, 
the resistance R2 connected to the line 108B absorbs 
the signal components and detects the level only o1 the 
signal irradiated from the transmission antenna 2. 

Further, when the RF signal S3 is supplied to the 
transmission antenna 2 passed through the line 110, 
since the RF signal S3 passes through the line 108B, 
the RF signal S3 naturally appears at the line 108B. The 
signal level detecting circuit 113 examines the voltage 
value of the signal so as to detect the signal level of the 
RF signal S3 which is passed through the signal line 1 1 0 
and is supplied to the transmission antenna 2. 

Incidentally, the voltage value of the signal which 
appears at the second line 108B is not always equal to 
the signal level of the RF signal S3 at the transmission 
antenna end because of the coupling loss of the direc- 
tional coupler. However, since the coupling loss is con- 
stant, if the offset is given to the voltage value, the signal 
level detecting circuit 113 can detect the signal level of 
the RF signal S3 easily and correctly. 

Also, such signal level detecting circuit 113 is pro- 
vided to examine the signal level of the RF signal S3, 
so as to prevent the deviation of the transmission power 
from a desired value due to the detection of self-oscil- 
lation and misoperation of the amplifier 112. Especially, 
in the cellular telephone system of the code division mul- 
tiple access (CDMA) method, the transmission power is 
controlled strictly. Therefore, it is needed to check the 
transmission power by providing the signal level detect- 
ing circuit 113. 

With the foregoing configuration, in this embodi- 
ment, two signal lines 109, 110 having different gains 
which are provided at the gain varying circuit 106 are 
switched to perform the gain adjustment. Specifically, 
the signal level required at the transmission antenna 
end is examined to select the signal line 109 having the 
amplifier 112 if the power amplification is required, and 
to select the signal line 1 1 0 being a merely transmission 
path without amplifier if the power amplification is not 
required. At this time, the amplifier 112 is operated only 
when the signal line 109 is selected. Therefore, it is not 
needed to constantly operate the amplifier as a conven- 
tional one, so as to suppress the unnecessary power 



consumption. If the transmitter circuit 1 05 for performing 
gain adjusting by the gain varying circuit 106 described 
above is used, a battery life for a mobile terminal can be 
extended, and hence a communication available time 
5 can be made longer. 

Also, the directional coupler is used as the signal 
line change-over switch 108 at the output side of the 
gain varying circuit 106, so that similar to the third em- 
bodiment, the insertion loss which occurs at the signal 
10 line change-over switch 108 can be reduced comparing 
to the case of using a semiconductor switch. 

Further, in the gain varying circuit 106, one end of 
the line 108B of the directional coupler forming the sig- 
nal line change-over switch 108 is connected to the sig- 
15 nal level detecting circuit 113 via the diode D1. In the 
gain varying circuit 106, when the signal line change- 
over switch 107 is switched to supply the RF signal S3 
to the transmission antenna 2 via the signal line 1 09 and 
the line 108A of the directional coupler, a signal which 
20 is depending on the RF signal S3 appears at the line 
108B of the directional coupler. When the signal line 
change-over switch 107 is switched to supply the RF 
signal S3 to the transmission antenna 2 via the signal 
line 1 1 0, the line 1 08B of directional coupler, and the line 
25 1 08 A, successively, the RF signal S3 appears at the line 
108B naturally. Therefore, one end ol the line 108B is 
connected to the signal level detecting circuit 1 1 3 as de- 
scribed above, so that the signal level detecting circuit 
113 can take in the voltage value of the signal which 
30 appears at the line 108B, and the signal level of the RF 
signal S3 at the transmission antenna end can be de- 
tected based on the voltage value. 

In this way, the line 108B of the directional coupler 
forming the signal line change-over switch 108 is con- 
35 nected to the signal level detecting circuit 113, so that 
the signal line change-over switch 108 can be also used 
in common as signal extracting means which is used for 
detecting the signal level of the RF signal S3. Therefore, 
it is not necessary to provide extra signal extracting 
40 means and the signal level of the RF signal S3 can be 
detected with simple construction. 

With the foregoing configuration, the gain adjust- 
ment is performed by switching between the signal line 
110 comprising merely transmission path without ampli- 
45 fjer and the signal line 109 having the amplifier 112, so 
that the amplifier 112 is operated only when the signal 
line 1 09 is selected. Therefore, the amplifier is not need- 
ed to be constantly operated as before, to suppress un- 
necessary power consumption. 
50 Further, the directional coupler is used as the signal 
line change-over switch 108 provided at an output side 
of the gain varying circuit 106, so that the signal lines 
109, 110 can be switched with low insertion loss. 

Further, the second line 108B of the directional cou- 
55 pier forming the signal line change-over switch 108 is 
connected to the signal level detecting circuit 113, so 
that the signal line change-over switch 1 08 can be also 
used in common as signal extracting means which is 
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used for detecting the signal level of the RF signal S3. 
Therefore, the signal level of the RF signal S3 can be 
detected with simple construction. 

(2) Receiver Circuit 

(2-1) Fifth Embodiment 

First, the principles of a receiver circuit will be de- 
scribed with reference to Fig. 17. A receiver circuit ap- 
plying the present invention utilizes gain varying means 
120 as shown in Fig. 17 to perform gain adjustment 
while suppressing unnecessary power consumption as 
well as to avoid a degraded reception sensitivity due to 
disturbing waves. 

Generally, the gain varying means 1 20 is composed 
of first and second signal line selecting means 121, 1 22 
each having a plurality of input and output terminals; a 
plurality of signal lines 123 to 126 having different gains 
for interconnecting between terminals of the first and 
second signal line selecting means 121,1 22; and a sig- 
nal line control means 127 for controlling the selecting 
operations of the first and second signal line selecting 
means 121, 122. 

First, the first signal line selecting means 121 has 
at least one or more input terminals 128, a plurality of 
output terminals 129, and a control terminal 130, and is 
configured such that it can switch a connection relation- 
ship between the input terminals 1 28 and the output ter- 
minals 129 in response to a control signal S30 supplied 
to the control terminal 130. 

The second signal line selecting means 1 22, in turn, 
has a plurality of input terminals 131, at least one or 
more output terminals 1 32, and a control terminal 1 33, 
and is configured such that it can switch a connection 
relationship between the input terminals 1 31 and the 
output terminals 1 32 in response to a control signal S11 
supplied to the control terminal 133. 

The output terminals 1 29 of the signal line selecting 
means 121 are connected to the input terminals 131 of 
the signal line selecting means 122 by the signal lines 
1 23 to 1 26 having different gains from each other. In this 
configuration, signal amplifying means 134 to 137 hav- 
ing different gains from each other are inserted in the 
signal lines 123 to 126, respectively, so that the respec- 
tive signal lines are provided with different gains. 

The signal line control means 1 27, which controls 
selecting operations of the first and second signal line 
selecting means 121, 122, determines a signal lines 
(123 to 126) to be selected in accordance with a signal 
level supplied to the input terminal 128, and outputs the 
control signals S30, S31 in accordance with the deter- 
mination result to control the selecting operations of the 
signal line selecting means 121, 122. 

More specifically, in this event, the signal line con- 
trol means 127 executes a control procedure as shown 
in Fig. 18. The control procedure first begins at step 
SP40, and the control means 1 27 controls the signal line 



selecting means 121, 122 to set a suitable signal line 
out of the signal lines 123 to 1 26 at step SP41 . Next, at 
step SP42, the control means 127 reads a gain value 
"G" possessed by the set signal line from a predeter- 
5 mined storage means. Next, at step SP43, the control 
means 127 measures the level "C of an output signal 
outputted at an output terminal 1 32 through the set sig- 
nal line. Next, at step SP44, the control means 127 cal- 
culates the level "D" of an input signal supplied to the 
10 input terminal 128 based on the measured signal level 
"C" and the gain value "G\ Next, at step SP45, the con- 
trol means 127 selects a suitable signal line from the 
signal lines 123 to 126 based on the signal level "B" of 
the input signal. In other words, the most suitable signal 
is line is selected in order to adjust the input signal to the 
level required at the output terminal 1 32. Next, the con- 
trol means 127 sets the selected signal line at step 
SP41 , and subsequently repeats the foregoing process- 
ing. 

In this way, the gain varying means 1 20 switches 
the signal lines 123 to 126 in accordance with a signal 
level supplied at the input terminal 128 to perform the 
gain adjustment for the whole receiver circuit, thus sup- 
plying the output terminal 1 32 with a constant level sig- 
nal. In this event, since the signal amplifying means 1 34 
to 137 have fixed gain values, the gain varying means 
120 performs discrete gain adjustment. However, the 
gain varying means 1 20 can maintain optimized power 
consumption of the respective signal amplifying means 
1 34 to 1 37 in accordance with the respective gain values 
and can also turn off signal amplifying means arranged 
in signal lines not selected, thus making it possible to 
suppress unnecessary power consumption. 

Also, since the respective signal amplifying means 
1 34 to 1 37 in the gain varying means 1 20 can be set to 
have different saturation levels from each other, a deg- 
radation in the reception sensitivity due to saturation can 
be avoided by appropriately switching signal lines hav- 
ing different saturation levels, even if strong disturbing 
waves are present within a receiving band, thus making 
it possible to improve the disturbing wave resistant char- 
acteristics. 

Incidentally, at least one or more of the plurality of 
signal lines 1 23 to 1 26 may be replaced with a mere 
transmission path without signal amplifying means, or 
an attenuator may be inserted instead of a signal ampli- 
fying means in at least one or more of the plurality of 
signal lines 123 to 126. In this way, a much larger gain 
difference can be produced, whereby a larger margin 
can be given to the saturation level of each element with 
respect to a disturbing wave level, and accordingly, the 
disturbing wave resistant characteristics are further im- 
proved. Also, in this case : since attenuators and trans- 
mission paths are essentially passive elements and 
therefore do not consume electric power unnecessary 
power consumption can be more suppressed. 

Here, receiver circuit actually incorporating the gain 
varying means 120 as described above is illustrated in 
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Fig. 19 in which parts corresponding to those in Fig. 3 
are designated the same reference numerals. In a re- 
ceiver circuit 1 40, a gain varying circuit 141 corresponds 
to the foregoing gain varying means 120. The gain var- 
ying circuit 141 performs gain adjustment in an RF fre- 
quency band. 

Generally, the gain varying circuit 141 is composed 
of signal line change-over switches 142, 143; signal 
lines 144, 145 having different gains which are switched 
by the signal line change-over switches 142, 143; and 
a signal line control circuit 146 for controlling switching 
operations of the signal line change-over switches 142, 
143. In other words, the signal line change-over switch- 
es 142, 143 correspond to the foregoing signal line se- 
lecting means 121, 122, the signal lines 144, 145 corre- 
spond to the foregoing signal lines 123 to 126, and the 
signal line control circuit 1 46 corresponds to the forego- 
ing signal line control means 127. 

In this gain varying circuit 141 , the signal line 144, 
one of the two signal lines, is formed of a mere trans- 
mission path without amplifier, while the other signal line 

1 45 is provided with an amplifier 1 47 for amplifying elec- 
tric power, for example, by 20 [dB]. Incidentally, electric 
power consumed by the amplifier 147 arranged in the 
signal line 145 is optimized in accordance with the gain 
value, and the saturation level thereof is also optimized. 

The signal line control circuit 146 outputs control 
signals S30, S31 to switch the signal line change-over 
switches 142, 143, thus selecting one of the two signal 
lines 1 44, 1 45. In this event, the signal line control circuit 

146 examines a necessary signal level at a reception 
antenna end to determine whether or not an RF signal 
S5 requires power amplification. The signal line control 
circuit 146 selects the signal line 145 when the power 
amplification is required, and selects the signal line 144 
when no power amplification is required. In this way the 
power amplification is carried out by the amplifier 147 
when the signal level of the RF signal S5 is low, while 
no power amplification is carried out when the signal lev- 
el is sufficiently high. 

In this way, the gain varying circuit 141 switches the 
signal lines (144, 145) to perform the gain adjustment. 
In this event, the gain varying circuit 141 may take two 
gain conditions: one is a 0 [dB] condition when the signal 
line 144 is selected, and the other is a 20 [dB] condition 
when the signal line 1 45 is selected. As is apparent from 
this, the gain adjustment at the RF stage is discrete. 
However, a variable gain amplifier 39 capable of contin- 
uous gain adjustment is provided at the IF stage of the 
receiver circuit 140, such that the continuous gain ad- 
justment is performed by the variable gain amplifier 39 
to compensate for the discrete gain adjustment at the 
RF stage. In other words, the receiver circuit 140 pro- 
duces a finally desired gain by the two elements: the 
gain varying circuit 141 performing the discrete gain ad- 
justment and the variable gain amplifier 39 performing 
the continuous gain adjustment. 

Now, a control procedure of the signal line control 



circuit 146 will be specifically described with reference 
to a flow chart illustrated in Fig. 20. First, the control pro- 
cedure begins at step SP50, and at step SP51 , the con- 
trol circuit 146 controls the signal line change-over 

s switches 142, 143 to set the signal line 145 out of the 
two signal lines, and turns on the amplifier 1 47 arranged 
in the signal line 145. Next, at step SP52, the control 
circuit 146 reads a gain value "G1" possessed by the 
signal line 145 from a predetermined storage means 

10 (specifically, the gain value of the amplifier 147 is read 
in this case). Next, at step SP53, the control circuit 1 46 
adjusts the variable gain amplifier 39 so as to bring the 
level of a signal outputted at an output terminal 32 to a 
predetermined value "C. Next, at step SP54, the control 

15 circuit 146 reads a gain value "G2° of the adjusted var- 
iable gain amplifier 39. Next, at step SP55, the control 
circuit 146 calculates the signal level "D" of a received 
RF signal S5 from the signal level "C", the gain value 
"G1" of the signal line 145, and the gain value "G2" of 

20 the variable gain amplifier 39. Specifically, the signal lev- 
el "D" is calculated by subtracting the gain value 'G1" 
of the signal line 1 45 and the gain value "G2 - of the var- 
iable gain amplifier 39 from the signal level "C". 

Next, at step SP56, the control circuit 146 reads a 

2S reference signal level "R" for switching a signal line from 
a predetermined storage means. Then, at next step 
SP57, the read reference signal level "R" is compared 
with the previously calculated signal level "D" of the RF 
signal S5. As a result, if the signal level "D" of the RF 

30 signal S5 is higher, the control procedure proceeds to 
step SP58 for the control circuit 1 46 to control the signal 
line change-over switches 1 42, 1 43 to set the signal line 

144 and to turn the amplifier 147 off ; since no power 
amplification is required. Subsequently, the control pro- 

35 cedure returns to step SP52 to repeat the processing. 
On the other hand, if the signal level "D" of the RF signal 
S5 is lower, the control procedure immediately returns 
to step SP51 to repeat the processing, since power am- 
plification is required. Incidentally, when the signal line 

40 1 44 is set, the variable gain amplifier 39 is again adjust- 
ed at step SP53 to provide a desired value of the signal 
level at the output terminal 32. 

In this way, the signal line control circuit 146 calcu- 
lates the signal level "D" of the RF signal S5, and selects 

45 an appropriate signal line based on the calculated signal 
level "D* to perform the gain adjustment on the RF signal 
S5 so as to provide a desired signal level at the output 
terminal 32. 

With the foregoing configuration, the gain adjust- 
so ment is carried out by switching the two signal lines 1 44, 

145 having different gains arranged in the gain varying 
circuit 141 . Specifically, the signal level of a received RF 
signal S5 is examined, and the signal line 145 having 
the amplifier 147 is selected if power amplification is re- 

55 quired, while the signal line 1 44 formed of a mere trans- 
mission path without amplifier is selected if no power 
amplification is required. In this event, the amplifier 147 
is operated only when the signal line 145 is selected. 
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Thus, the amplifier need not be always operated as be- 
fore, making it possible to suppress unnecessary power 
consumption. Therefore, by using the receiver circuit 

140 which adjusts the gain by the gain varying circuit 

141 as described above, a battery life for a mobile ter- s 
minal can be extended, and hence a stand-by time and 

a communication available time can be made longer 

Additionally, in the gain varying circuit 141 , if the RF 
signal S5 has a sufficient signal level, the signal line 1 44 
formed of a mere transmission path is selected so as 10 
not to perform power amplification. Thus, even il strong 
disturbing waves are present in a receiving band, the 
disturbing waves will not cause the amplifier 147 to sat- 
urate, thus preventing a restraint on a received signal 
due to the saturation. In this way, if the gain varying cir- is 
cuit 141 is used, a degraded reception sensitivity due to 
disturbing waves can be avoided. 

incidentally, since the gain varying circuit 141 per- 
locms me gam adjustment by switching the two signal 
linos 144 145 having different gains, the resulting gain 20 
ridjubtment ib dibciete. For this reason, the receiver cir- 
cuit 140 uiin/cs the variable gain amplifier 39 arranged 
me ir singe fo compensate for a discrete gain change 
10 provide .1 desired gain change as a whole. By thus 
pcftofrnnq the *r>olc gain adjustment with both of the 25 
o.«tn v^ryr^q cucurt 141 and the variable gain amplifier 

mo cjyrv«rr*c r,«nge of each element can be reduced 
>o n mo ccc»vo' circuit 140. 

Arr-*r*f>q m mo l ore going configuration, the gain 
^j,iivjrrv?r»t is o<fMoo out by switching the signal line 144 30 
r. tomoo 31 ,1 mere transmission path without amplifier 

h *«'<3 mo vcjrvti tw>e 1 45 having the amplifier 1 47, and the 

^npi tio* M7a apomted only when the signal line 145 
ib sciectoo so trvtt the amplifier need not be always op- 
cr^too rtb botcKe thus making it possible to suppress 35 
unnocesbri-y power consumption. 

Also fKcocnc lo the foregoing configuration, 
s»ncc me s»qrv«i 144 formed of a mere transmission 
p.*!h is selected wt^en an RF signal S5 has a sufficient 
si'jrv-.i level n restraint on a received signal due to dis- 40 
turbffig w^ves c^n be prevented, thus making it possible 
to Hvo»d h deq-aocd reception sensitivity due to the dis- 
turbing wnvos 

-2) Sixth fcmbod«mcni 45 

A receiver circuit 149 according to a sixth embodi- 
ment is illustrrtied in Fig 21 in which parts correspond- 
ing to those in Fiy 4 are designated the same reference 
numerals. While the foregoing first embodiment has so 
been described for the case where the gain is merely 
switched by the gain varying circuit 141, this embodi- 
ment switches a bandpass filter as well as the gain by 
a gain varying circuit. 

Generally, a gain varying circuit 150 is composed 55 
of signal line change-over switches 151, 152 and 153, 
154; two signal lines 155, 156 having different gains; 
bandpass filters 41 . 42 and 45, 45 having different pass 



bands; and a signal line control circuit 1 57 for controlling 
•switching operations of the signal line changeover 
switches 151, 152 and 153, 154. 

The signal line change-over switch 151 comprises 
a circular switch composed of four switches 151 A to 
151 D connected in a circular shape, wherein two oppo- 
site ones of four connection cross-points are used as 
input terminals and the remaining two are used as out- 
put terminals, so that an input terminal and an output 
terminal can be connected by a single switch. In this 
case, the two input terminals are connected to the band- 
pass filters 41 , 42, respectively, while the two output ter- 
minals are connected to the signal lines 155, 156, re- 
spectively. Thus, the signal line change-over switch 1 51 
switches connection between the bandpass filters 41, 
42 and the signal lines 155, 156. 

Likewise, the signal line change-over switch 152 al- 
so comprises a circular switch composed of four switch- 
es 1 52A to 1 52D connected in a circular shape, wherein 
two opposite ones of four connection cross-points are 
used as input terminals and the remaining two are used 
as output terminals, so that an input terminal and an out- 
put terminal can be connected by a single switch. In this 
case, the two input terminals are connected to the signal 
lines 155, 156, respectively, while the two output termi- 
nals are connected to the bandpass filters 45, 46, re- 
spectively. Thus, the signal line change-over switch 1 52 
switches connection between the signal lines 155 5 156 
and the bandpass filters 45, 46. 

The signal line change-over switch 153 in turn is a 
switch for switching filters to be applied to an RF signal 
S5 received by a reception antenna 31, and connects 
one of the bandpass filters 41 , 42 to the reception an- 
tenna 31. Also, the signal line change-over switch 154 
is a switch for supplying a frequency mixer 37 with the 
RF signal S5 bandwidth limited by the bandpass filter 
45 or the bandpass filter 46, and connects one of the 
bandpass filters 45, 46 to the frequency mixer 37. 

Also in this embodiment, the signal line 155, one of 
the two signal lines, is formed of a mere transmission 
path without amplifier, while the other signal line 156 is 
configured to perform power amplification of, for exam- 
ple, 20 [dB] by an amplifier 1 58. Incidentally, also in this 
embodiment, the power consumption of the amplifier 
158 arranged in the signal line 156 is optimized in ac- 
cordance with the gain value, and the saturation level 
thereof is also optimized. 

The bandpass filters 41 , 42 are filters having differ- 
ent pass bands from each other so that the two filters 
cover the whole bandwidth of the RF signal S5. Similar- 
ly, the bandpass filters 45, 46 are filters having different 
pass bands from each other so that the two filters cover 
the whole bandwidth of the RF signal S5. By thus divid- 
ing the pass band, a smaller volume and smaller loss 
bandpass filter is realized also in the receiver circuit 1 49. 

The signal line control circuit 157 outputs control 
signals S40, S41 to switch the signal line change-over 
switches 151,1 52, and also outputs control signals S42, 
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S43 to switch the signal line change-over switches 153, 
154. In this event, the signal line control circuit 157 ex- 
amines the signal level of a received RF signal S5 to 
determine whether or not an RF signal S5 requires pow- 
er amplification. The signal line control circuit 157 se- 
lects the signal line 1 56 when power amplification is re- 
quired, and selects the signal line 155 when no power 
amplification is required. For reference, when the signal 
line 1 55 is selected, the amplifier 1 58 is turned off by the 
signal line control circuit 157. 

Also, the signal line control circuit 1 57 examines the 
frequency used by the RF signal S5 to determine which 
of the bandpass filters should be selected, and switches 
the signal line change-over switches 151 to 154 based 
on the determination result. 

Incidentally, also in this embodiment, since the gain 
adjustment is performed by selecting a signal line, the 
resulting gain adjustment is discrete at the RF stage. 
For this reason, in the receiver circuit 149, a variable 
gain amplifier 39 at the IF stage continuously adjusts the 
gain to compensate for the discrete gain adjustment at 
the RF stage. 

Here, a control procedure of the signal line control 
circuit 157 will be specifically described with reference 
to a flow chart shown in Fig. 22. First, the control proce- 
dure begins at step SP60, and the control circuit 157 
examines the used frequency "F" of a received RF sig- 
nal S5 at step SP61 . Next, at step SP62, the control cir- 
cuit 157 reads a reference frequency *Fc" for switching 
a bandpass filter from a predetermined storage means. 
Next, at step SP63, the used frequency "F" of the RF 
signal S5 is compared with the reference frequency 
"Fc". As a result, the control procedure proceeds to step 
SP64 if the used frequency is lower, and to step SP65 
if the used frequency "F" is higher. 

At step SP64, the control circuit 1 57 outputs a con- 
trol signal S42 to switch the signal line change-over 
switch 153 to the bandpass filter 41 side, and outputs a 
control signal S43 to switch the signal line change-over 
switch 1 54 to the bandpass filter 45 side. Stated another 
way, the bandpass filters 41, 45 having lower pass 
bands are selected. Further at step SP64, the control 
circuit 157 outputs a control signal S40 to turn on the 
switch 151 D of the signal line change-over switch 151, 
and outputs a control signal S41 to turn on the switch 
152B of the signal line change-over switch 152. The 
control circuit 1 57 also operates the amplifier 158 to set 
the signal line 156. 

Next, at step SP66, the control circuit 157 reads a 
gain value "G1" possessed by the signal line 156 from 
a predetermined storage means. Next, at step SP67, the 
control circuit 157 adjusts the variable gain amplifier 39 
to bring the level of a signal outputted at an output ter- 
minal 32 to a desired value "C". Next, at step SP68, the 
control circuit 1 57 reads a gain value "G2" of the adjust- 
ed variable gain amplifier 39. Next, at step SP69, the 
control circuit 1 57 calculates the signal level "D" of the 
received RF signal S5 from the signal level "C", the gain 



value "G 1 " of the signal line 1 56, and the gain value "G2" 
of the variable gain amplifier 39 Specifically, the signal 
level "D" is calculated by subtracting the gain value B G1 " 
of the signal line 1 56 and the gain value a G2" of the var- 

5 iable gain amplifier 39 from the signal level 'C. 

Next, at step SP70, the control circuit 157 reads a 
reference signal level "R" for switching a signal line from 
a predetermined storage means. Then, at next step 
SP71, the read reference signal value "R" is compared 

10 with the previously calculated signal level "D" of the RF 
signal S5. As a result, the control procedure proceeds 
to step SP72 if the signal level "D" of the RF signal S5 
is higher, since no power amplification is required, 
where the control circuit 157 outputs the control signals 

is S40, S41 to turn on the switches 151 A, 152Atosetthe 
signal line 155 and to turn off the amplifier 158. Subse- 
quently, the control procedure returns to step SP66 to 
repeat the processing. On the other hand, if the signal 
level "D" of the RF signal S5 is lower, the control proce- 

20 dure returns immediately to step SP64 to repeat the 
processing since power amplification is required. Inci- 
dentally, when the signal line 1 55 is set, the variable gain 
amplifier 39 is again adjusted at step SP67 to provide a 
desired value of the signal level at the output terminal 

25 32. 

On the other, at step SP65, the control circuit 157 
outputs the control signal S42 to switch the signal line 
change-over switch 153 to the bandpass filter 42 side, 
and outputs the control signal S43 to switch the signal 
30 line change-over switch 154 to the bandpass filter 46 
side. Stated another way, the bandpass filters 42, 46 
having higher pass bands are selected. Further at step 
SP65, the control circuit 157 outputs the control signal 
S40 to turn on the switch 1 51 C of the signal line change- 
rs over switch 151, outputs the control signal S41 to turn 
on the switch 1 52C of the signal line change-over switch 
152, and operates the amplifier 1 58 to set the signal line 
156. 

Next, at step SP73, the control circuit 1 57 reads the 

40 gain value "G1 " possessed by the signal line 156 from 
the predetermined storage means. Next, at step SP74, 
the control circuit 1 57 adjusts the variable gain amplifier 
39 to bring the level of a signal outputted at the output 
terminal 32 to a desired value "C". Next, at step SP75, 

45 the control circuit 157 reads the gain value "G2" of the 
adjusted variable gain amplifier 39. Next, at step SP76, 
the control circuit 157 calculates the signal level W D" of 
the received RF signal S5 from the signal level "C, the 
gain value "G1 " of the signal line 1 56, and the gain value 

so "G2" of the variable gain amplifier 39. Specifically, the 
signal level "D" is calculated by subtracting the gain val- 
ue "G1" of the signal line 156 and the gain value "G2" 
of the variable gain amplifier 39 from the signal level "C" . 
Next, at step SP77, the control circuit 157 reads the 

55 reference signal level "R" for switching a signal line from 
the predetermined storage means Then, at next step 
SP78, the read reference signal level "R" is compared 
with the previously calculated signal level "D" of the RF 
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signal S5. As a result, if the signal level "D" of the RF 
signal S5 is higher, the control procedure proceeds to 
step SP79, since no power amplification is required, 
where the control circuit 157 outputs the control signals 
S40, S41 to turn on the switches 1 51 B : 1 51 D to set the 
signal line 155 and to turn off the amplifier 158. Subse- 
quently, the control procedure returns to step SP73 to 
repeat the processing. On the other hand, if the signal 
level "D" of the RF signal S5 is lower, the control proce- 
dure returns immediately to step SP65 to repeat the 
processing since power amplification is required. Inci- 
dentally, when the signal line 1 55 is set, the variable gain 
amplifier 39 is again adjusted at step SP74 to provide a 
desired value of the signal level at the output terminal 
32. 

As described above, the signal line control circuit 
1 57 switches bandpass filters (41 , 42, 45, 46) in accord- 
ance with the used frequency of the RF signal S5, and 
selects an appropriate signal line in accordance with the 
signal level "D" of the RF signal S5 to perform the gain 
adjustment on the RF signal S5, such that a desired sig- 
nal level is provided at the output terminal 32. 

With the foregoing configuration, in this embodi- 
ment, the bandpass filter is switched together with the 
gain adjustment by the gain varying circuit 150. In this 
event, the signal line control circuit 1 57 controls switch- 
ing states of the signal line change-over switches 151 
to 154 in the gain varying circuit 150 to simultaneously 
perform the gain adjustment and the switching of the 
bandpass filter. 

Incidentally, in this embodiment, the connection be- 
tween one of the two signal lines having different pass 
band characteristics (i.e., the signal line having the 
bandpass filter 41 and the signal line having the band- 
pass filter 42) and one of the two signal lines 155, 156 
having different gains is switched by the signal line 
change-over switch 151 comprising a circular switch. 

When the connection is switched by the signal line 
change-over switch 151 comprising a circular switch as 
mentioned above, insertion loss occurring in the signal 
line change-over switch 1 51 can be reduced. This is be- 
cause, in the circular switch, the signal line is switched 
by turning on one of the four switches 1 51 A to 1 51 D, so 
that only one switch is inserted in the signal line. Gen- 
erally, for switching the connection between one of two 
lines on the input side and one of two lines on the output 
side, it is often the case that the switching is carried out 
by a combination of two switches. In this case, however, 
two switches are inserted in a signal line, resulting in 
larger insertion loss. On the other hand, when a circular 
switch is used as is the case of this embodiment, only 
one switch is inserted in a signal line, so that the inser- 
tion loss can be reduced. 

Also in this embodiment, the connection between 
one of the two signal lines 155, 156 having different 
gains and one of the two signal lines having different 
pass band characteristics (i.e., the signal line having the 
bandpass filter 45 and the signal line having the band- 



pass filter 46) is switched by the signal line change-over 
switch 1 52 comprising a circular switch. By a similar rea- 
son, insertion loss can be reduced also in this portion. 
Incidentally, also in this embodiment, since the am- 
s plifier 158 is operated only when the signal line 156 is 
selected, useless power consumption can be sup- 
pressed. Further, the signal line formed of a mere trans- 
mission path is selected when the RF signal S5 has a 
sufficient signal level, so that even if disturbing waves 
10 are present in a receiving band, the amplifier 1 58 is pre- 
vented from saturating, thus making it possible to avoid 
a degraded reception sensitivity due to the disturbing 
waves. Additionally, in this embodiment, since the whole 
gain adjustment is performed by both of the gain varying 
is circuit 150 and the variable gain amplifier 39, the dy- 
namic range of each element can be reduced. 

According to the foregoing configuration, since the 
signal line change-over switches 151, 152 each com- 
prising a circular switch are used for switching the signal 
lines, the connection between one of the signal lines 
having different pass band characteristics and one of 
the signal lines 155, 156 having different gains can be 
simultaneously switched with lower insertion loss. 

(2-3) Seventh Embodiment 

In Fig. 23, the numeral 160 shows a receiver circuit 
according to a seventh embodiment as a whole. In the 
case ol the receiver circuit 160, a gain varying circuit 

161 is used for suppressing the unnecessary power 
consumption and performing gain adjustment. 

First, an IF signal S5 having a level fluctuation, re- 
ceived by a reception antenna 31 , is inputted to an gain 
varying circuit 161. The gain varying circuit 161 allows 
the RF signal S5 to pass through a signal line having a 
specific gain value if the RF signal S5 is needed to be 
amplified, and to pass through a mere transmission path 
if the RF signal S5 is not needed to be amplified. There- 
by, the RF signal S5 is adjusted for the gain to a desired 
signal level. 

The RF signal S5 which is gain-adjusted by the gain 
varying circuit 161 is next inputted to a RF driver circuit 

162 where the RF signal S5 is subjected to a predeter- 
mined signal processing and is inputted to a frequency 
mixer 37. The RF driver circuit 162 is composed of a 
bandpass filter, buffer amplifier, and soon, and removes 
unnecessary frequency components from the RF signal 
S5 and performs the impedance adjustment, etc. when 
the RF signal S5 is supplied to the frequency mixer 37. 

The frequency mixer 37 frequency-converts the RF 
signal into an IF signal S7 having a low frequency by 
using a local signal S6. The IF signal S7 is input to the 
variable gain amplifier 39 where it is finally adjusted for 
gain to a desired value, and is output to the output ter- 
minal 32. 

Generally, the gain varying circuit 1 61 is composed 
of signal line change-over switches 163, 164; signal 
lines 165, 166 having different gains which are switched 
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by the signal line change-over switches 163, 164; and 
a signal line control circuit 167 for controlling switching 
operations of the signal line change-over switch 163, 
164. 

In the case of the gain varying circuit 161 , one signal 
line 166 of two signal lines is formed by a mere trans- 
mission path without amplifier, while the other signal line 
165 is so configured as to perform power amplification 
by an amplifier 168. 

The signal line change-over switch 163 is a switch 
formed by a directional coupler composed of parallel two 
lines (163A, 163B), and outputs the RF signal S5 re- 
ceived by the reception antenna 31 to the signal lines 
165, 166. More specifically, in the signal line change- 
over switch 163, the reception antenna 31 is connected 
to one end of a first line 1 63A, while the amplifier 1 68 of 
the signal line 1 65 is connected to the other end, so that 
the RF signal S5 received at the reception antenna 31 
is passed through the first line 163A to be supplied to 
the signal line 1 65. Also, the signal line 1 66 is connected 
to one end of a second line 163B, while a resistance 
R1 0 having the same value as the characteristic imped- 
ance of the second line 163B is connected to the other 
end, so that the RF signal S5 is picked up by the second 
line 163B by the inter-lines coupling of the parallel two 
lines to be supplied to the signal line 166. 

On the other hand, the signal line change-over 
switch 164 is a switch formed by a semiconductor 
switch, which supplies the RF signal S5 passed through 
the signal line 165 or 166 io the RF driver circuit 162. 

The signal line control circuit 167 outputs a control 
signal S50 to the signal line change-over switch 1 64 to 
switch the connection relationship of the signal line 
change-over switch 164, thereby one of two signal lines 
165, 166 is selected. More specifically, the signal line 
control circuit 167 examines a signal level at the trans- 
mission antenna end to determine whether or not the 
RF signal S5 requires power amplification. The signal 
line control circuit 167 selects the signal line 165 when 
the power amplification is required, and selects the sig- 
nal line 166 when no power amplification is required. 
Therefore, the power amplification is performed by the 
amplification 168 of the signal line 165 when the signal 
level of the RF signal S5 is low, and the power amplifi- 
cation is not performed when the signal level is suffi- 
ciently high. When the signal line 166 is selected, the 
amplifier 168 of the signal line 165 is turned off by the 
signal line control circuit 167. 

Incidentally, also in this embodiment, since the gain 
adjustment performed by selecting the two signal lines 
(165, 166), the resulting gain adjustment is discrete at 
the RF stage. For this reason, the receiver circuit 160 
successively adjusts for gain at the variable gain ampli- 
fier 39 at the IF stage to compensate for a discrete gain 
adjustment at the RF stage. 

With the foregoing configuration, in the case of the 
gain varying circuit 161, the gain adjustment is carried 
out by examining the signal level of the received RF sig- 



nal S5 and selecting the signal lines 1 65 having the am- 
plifier 168 when power amplification is required, while 
selecting the signal line 166 formed of a mere transmis- 
sion path without amplifier when no power amplification 

s is required. At this time, the amplifier 168 is operated 
only when the signal line 165 is selected. Thus, the am- 
plifier need not be always operated as before, making it 
possible to suppress unnecessary power consumption. 
Therefore, by using the receiver circuit 160 which ad- 

io justs the gain by the gain varying circuit 161 as de- 
scribed above, a battery life for a mobile terminal can 
be extended, and hence a communication available 
time can be made longer. 

Also, in the gain varying circuit 161 , since the signal 

1$ line 166 being a mere transmission path is not selected 
to perform the gain amplification when the RF signal S5 
has sufficient signal level, even if strong disturbing 
waves are present within a receiving band, the amplifier 
168 is not saturated by disturbing waves and suppres- 

20 sion of the received signal due to the saturation can be 
avoided. Therefore, the gain varying circuit 161 is used 
to avoid a degradation in the reception sensitivity due to 
the disturbing wave. 

Further, in the gain varying circuit 161, a semicon- 

25 ductor switch is not used as the signal line change-over 
switch 163, but a directional coupler is used, so as to 
decrease the insertion loss generated at the signal line 
change-over switch 1 63. More specifically, the insertion 
loss in the case of semiconductor switch is about 0.6 

30 [dB], and the insertion loss in the case of directional cou- 
pler is about 0.1 [dB]. The insertion loss can be reduced 
for the difference between the values (0.5 [dB] = 10% 
approx.). 

With the above configuration, the gain adjustment 
35 is carried out by switching the signal line 1 66 which is a 
merely transmission path without amplifier and the sig- 
nal line 165 having the amplifier 168, so that the ampli- 
fier 1 68 can be operated only when the signal line 1 65 
is selected. Therefore : it is unnecessary to constantly 
40 operate the amplifier as before, so that the unnecessary 
power consumption can be suppressed. 

Further, the directional coupler is used as the signal 
line change-over switch 163, so as to reduce the inser- 
tion loss in the gain varying circuit 161. 

45 

(2-4) Eighth Embodiment 

In Fig. 24, in which the portions corresponding to 
those of Fig. 23 are designated with the same symbols, 

50 the numeral 1 70 shows a receiver circuit as a whole ac- 
cording to the eighth embodiment. Also in this embodi- 
ment, again varying circuit 171 is used for switching sig- 
nal lines each having a different gain and performing 
gain adjustment of the RF signal S5. 

55 Generally, the gain varying circuit 1 71 is composed 
of signal line change-over switches 172, 173; two signal 
lines 174, 175 having different gains; and a signal line 
control circuit 1 76 for controlling switching operations of 
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the signal line changeover switch 173. 

In the gain varying circuit 171, one signal line 175 
of two signal lines is formed by a mere transmission path 
without amplifier, while the other signal line 174 is so 
configured as to perform power amplification by an am- s 
plifier (PA) 177. In addition, the power consumption of 
the amplifier 177 provided at the signal line 174 is opti- 
mized in accordance with the gain value. 

The signal line change-over switch 172 is formed 
by a directional coupler composed of parallel two lines 10 
(172A, 172B) similar to the seventh embodiment, and 
outputs the RF signal S5 received by the reception an- 
tenna 31 to the signal lines 174, 175. More specifically, 
in the signal line change-over switch 172, the reception 
antenna 31 is connected to one end of a first line 1 72A, 15 
while the amplifier 177 of the signal line 174 is connect- 
ed to the other end, so that the RF signal S5 received 
by the reception antenna 31 is supplied to the signal line 
174 through the first line 172A. Also, the signal line 175 
is connected to one end of a second line 172B, while a 20 
resistance R1 1 having the same value as the character- 
istic impedance of the second line 1 72B is connected to 
the other end, so that the RF signal S5 is picked up at 
the second line 172B by the inter-lines coupling of the 
parallel two lines to be supplied to the signal line 175. 25 

On the other hand, the signal line change-over 
switch 1 73 is formed by a four-terminals switch in which 
two semiconductor switches 173A, 173B are combined. 
One semiconductor switch 173A switches a connection 
between the signal line 1 74 and the RF driver circuit 1 62, 30 
and the other semiconductor switch 173B switches a 
connection between the signal line 1 75 and the RF driv- 
er circuit 162. In addition, the semiconductor switch 
173B connects the signal line 175 to a resistance R12 
when the signal line 1 75 is not connected to the RF driv- 35 
er circuit 162. 

The signal line control circuit 176 outputs a control 
signal S51 to the signal line change-over switch 173 to 
control the connection relationship of the signal line 
changeover switch 173. More specifically, the signal <*o 
line control circuit 1 76 examines a signal level at the re- 
ception antenna end to determine whetherornotthe RF 
signal S5 requires power amplification. The signal line 
control circuit 176 selects the signal line 174 when the 
power amplification is required, and selects the signal 45 
line 175 when no power amplification is required. There- 
fore, the power amplification is performed by the ampli- 
fier 177 of the signal line 174 when the signal level of 
the RF signal S5 is low, and power amplification is not 
performed when the signal level is sufficiently high. For so 
reference, when the signal line 175 is selected, the am- 
plifier 1 77 of the signal line 1 74 is turned off by the signal 
line control circuit 176. 

One end of the second line 172B of the signal line 
changeover switch 1 72 is connected to a signal level ss 
detecting circuit 178 via a diode D2, so that the voltage 
value of the signal which appears on the second line 
172Bcan be taken in at the signal level detecting circuit ' 



178. The signal level detecting circuit 178 is a circuit for 
detecting the signal level of the RF signal S5 received 
at the reception antenna 31 , and detects the signal level 
of the RF signal S5 based on the voltage value of a sig- 
nal which appears at the second line 172B. 

For instance, when the RF signal S5 is supplied to 
the RF driver circuit 162 via the signal line 174 and the 
semiconductor switch 173A, a signal which is depend- 
ing on the RF signal S5 appears at the line 172B by the 
inter-lines coupling of the directional coupler. The signal 
level detecting circuit 178 examines the voltage value 
of the signal so as to detect the signal level of the re- 
ceived RF signal S5. In addition, at this time, one end 
of the line 1 72B is connected to the resistance R1 2 hav- 
ing the same value as the characteristic impedance of 
the line 1 72B via the semiconductor switch 1 73B, so that 
the line 172B is subjected to the impedance matching. 
Therefore, the line 172B can pick up a signal with a sta- 
ble condition. 

Further, when the RF signal S5 is supplied to the 
RF driver circuit 162 via the line 175 and the semicon- 
ductor switch 1 73B, the RF signal S5 is picked up by the 
inter-lines coupling on the line 172B, thereby supplied 
to the RF driver circuit 162. Therefore, the RF signal S5 
naturally appears at the line 172B. The signal level de- 
tecting circuit 1 78 examines the voltage value of the sig- 
nal so as to detect the signal level of the received RF 
signal S5. 

Incidentally, the voltage value of the signal which 
appears at the second tine 172B is not always equal to 
the signal level of the RF signal S5 at the reception an- 
tenna end because of the coupling loss of the directional 
coupler. However, since the coupling loss is constant, if 
the offset is given to the voltage value, the signal level 
detecting circuit 178 can detect the signal level of the 
RF signal S5 easily and correctly. 

In this way, information of the signal level of the RF 
signal S5 detected by the signal level detecting circuit 
178 is supplied to the signal line control circuit 176. 
Thus, the signal line control circuit 176 can control the 
switching operation of the signal line changeover 
switch 1 73 in accordance with the signal level of the RF 
signal S5 as described above. 

With the foregoing configuration, in the gain varying 
circuit 171, the signal level of the received RF signal S5 
is examined and the signal line 174 having the amplifier 
177 is selected if the power amplification is required, 
while the signal line 175 being a mere transmission path 
without amplification is selected if the power amplifica- 
tion is not required, so as to perform gain adjustment. 
At this time, the amplifier is operated only when the sig- 
nal line 1 74 is selected. Therefore, it is not needed to 
constantly operate the amplifier as a conventional one, 
so as to suppress the unnecessary power consumption. 
If the receiver circuit 170 for performing gain adjusting 
by the gain varying circuit 171 described above is used, 
a battery life for a mobile terminal can be extended, and 
hence a communication available time can be made 
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longer. 

Also, in the gain varying circuit 171, similar to the 
seventh embodiment, since the signal line 1 75 is select- 
ed not to perform the power amplification when the sig- 
nal level of the RF signal S5 is sufficient, even if strong 
disturbing waves exist within a reception band, the am- 
plifier 177 is not saturated with the disturbing waves so 
as to prevent the suppress of the received signal due to 
the saturation. Therefore, using the gain varying circuit 
171 can avoid a degraded reception sensitivity due to 
the disturbing waves. 

Further, in the gain varying circuit 171 , similar to the 
seventh embodiment, the semiconductor switch is not 
used as the signal line change-over switch 172, but the 
directional coupler is used, so as to reduce the insertion 
loss generated at the signal line change-over switch 
172. 

Also, the second line 172B of the directional coupler 
forming the signal line change-over switch 172 is con- 
nected to the signal level detecting circuit 178 via the 
diode D2, so that the signal level detecting circuit 178 
can take in the signal which appears at the second line 
1 72B to examine the voltage value, and the signal level 
of the RF signal S5 can be detected easily. Thus, in the 
gain varying circuit 171, the signal line change-over 
switch 172 can be also used in common as signal ex- 
tracting means which is used for detecting the signal lev- 
el of the RF signal S5. Therefore, it is not necessary to 
provide extra signal extracting means and the signal lev- 
el of the RF signal S5 can be detected with simple con- 
struction. 

With the foregoing configuration, the gain adjust- 
ment is performed by switching between the signal line 
1 75 comprising merely transmission path without ampli- 
fier and the signal line 174 having the amplifier 177, so 
that the amplifier 177 is operated only when the signal 
line 174 is selected. Therefore, the amplifier is not need- 
ed to be constantly operated as before, to suppress un- 
necessary power consumption. 

Further, the directional coupler is used as the signal 
line change-over switch 172 provided at an output side 
of the gain varying circuit 171, so that the signal lines 
174, 175 can be switched with low insertion loss. 

Further, the second line 1 72B of the directional cou- 
pler forming the signal line change-over switch 172 is 
connected to the signal level detecting circuit 178, so 
that the signal line change-over switch 172 can be also 
used in common as signal extracting means which is 
used for detecting the signal level of the RF signal S5. 
Therefore, the signal level of the RF signal S5 can be 
detected with simple construction. 

(3) Other Embodiments 

The foregoing first, second, third, and fourth em- 
bodiments have been described for the case where the 
amplifier 77, 88, 98, or 112 is used to change the gain 
of the signal line and simple transmission paths are 



combined to change the gain of the signal line. However, 
the present invention is not limited to this, but attenua- 
tors can be used to change the gain of a signal line. In 
this case, since the attenuator itself does not consume 
5 electric power, a much larger effect can be produced in 
view of the suppression of unnecessary power con- 
sumption. 

Also, the foregoing first, second, third, and fourth 
embodiments have been described for the case where 

10 the gain varying circuit 71 , 80, 91 , or 106 is used to per- 
form the gain adjustment on a signal in an RF frequency 
band (i.e., RF signal S3). However, the present inven- 
tion is not limited to this but, the gain varying circuits 71 , 
80, 91 , or 106 can be used to perform the gain adjust - 

15 ment on a signal in an IF frequency band (i.e., IF signal 
S1). For reference, considering the combination, there 
are two cases: a case where the gain varying circuit 71 , 
80, 91 , or 106 is provided at a previous stage and at a 
rear stage of a frequency mixer to perform gain adjust- 

20 ment for a signal of first and second frequency; and a 
case where the gain varying circuit 71 , 80, 91 , or 106 is 
provided at either of the previous stage or the rear stage 
of the frequency mixer to perform gain adjustment by 
using the gain varying circuit 71, 80, 91, or 106 for a 

25 signal of first frequency and to perform gain adjustment 
by using a variable gain amplifier for a signal of second 
frequency. 

Further, the foregoing first, second, third, and fourth 
embodiments have been described for the case of sim- 

30 ply providing a plurality of signal lines having different 
gains. However, the present invention is not limited to 
this but, delay elements can be arranged in signal lines 
so as to equalize signal delay differences between the 
signal lines. In this way. the signal delay difference can 

35 also be simultaneously equalized in the gain varying cir- 
cuit. 

Further, the foregoing second embodiment has 
been described for the case where a signal line having 
a bandpass filter and a signal line change-over switch 

40 are provided both at the input side and output side of 
the gain varying circuit 80. However, the preset inven- 
tion is not only limited to this but, a signal line having a 
bandpass filter and a signal line change-over switch can 
be provided at either of the input side or output side of 

45 the gain varying circuit. In addition, in this configuration, 
the signal line change-over switch at the nearest place 
to the output side of the gain varying circuit can be 
formed with the directional coupler, adopting the third 
and fourth embodiments. 

so Further, the loregoing third and fourth embodiments 
have been described for the case where a directional 
coupler is used as the signal line change-over switches 
94, 108 at the nearest place to the output side of the 
gain varying circuits 91, 106. However, the present in- 

55 vention is not only limited to this but, a directional cou- 
pler can be used as the signal line change-over switches 
73, 84 at the nearest place of the output side of the gain 
varying circuits 71 , 80 in the first and second embodi- 
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ments. Thus, the insertion loss generated at the signal 
line change-over switches 73, 84 can be reduced and 
the signal line change-over switches 73, 84 can be used 
in common with signal extracting means in the signal 
level detection. s 

Further, the foregoing fifth, sixth, seventh, and 
eighth embodiments have been described for the case 
where the amplifier 147, 158, 168, or 177 is used to 
change the gain of the signal line and simple transmis- 
sion paths are combined to change the gain of the signal 10 
line. However, the present invention is not only limited 
to this but, an attenuator can be used to change the gain 
of the signal line. In this case, since the attenuator itself 
which is a receiving element does not consume electric 
power, a much larger effect can be produced in view of is 
the suppression of unnecessary power consumption. 

Also, the foregoing fifth, sixth, seventh, and eighth 
embodiments have been described for the case where 
the gain varying circuit 141, 150, 161 , or 171 is used to 
perform the gain adjustment on a signal in an RF fre- 20 
quency band (i.e., RF signal S5). However, the present 
invention is not limited to this but, the gain varying circuit 
141 , 150, 161 , or 171 can be used to perform the gain 
adjustment on a signal in an IF frequency band (i.e., IF 
signal S7). For reference, considering the combination, 25 
there are two cases: a case where the gain varying cir- 
cuit 141 , 150, 161, or 171 is provided at a previous stage 
and at a rear stage of a frequency mixer to perform gain 
adjustment for a signal of first and second frequency; 
and a case where the gain varying circuit 1 41 , 1 50, 1 61 , 30 
or 171 is provided at either of the previous stage or the 
rear stage of the frequency mixer to perform gain ad- 
justment by using the gain varying circuit 141, 150, 161, 
or 1 71 for a signal of first frequency and to perform gain 
adjustment by using a variable gain amplifier for a signal 35 
of second frequency. 

Further, the foregoing fifth, sixth, seventh, and 
eighth embodiments have been described for the case 
of simply providing a plurality of signal lines having dif- 
ferent gains. However, the present invention is not lim- 40 
ited to this but, delay elements can be arranged in signal 
lines so as to equalize signal delay differences between 
the signal lines. In this way, the signal delay differences 
can also be equalized simultaneously in the gain varying 
circuit. 45 

Further, the foregoing sixth embodiment has been 
described for the case where a signal line having a 
bandpass filter and a signal line change-over switch are 
provided both at the input side and output side of the 
gain varying circuit 150. However, the preset invention so 
is not only limited to this but, a signal line having a band- 
pass filter and a signal line change-over switch can be 
provided at either of the input side or output side of the 
gain varying circuit. In addition, in this configuration, the 
signal line change-over switch at the nearest place to 55 
the output side of the gain varying circuit can be formed 
with the directional coupler, adopting the seventh and 
eighth embodiments. 
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Further, the foregoing seventh and eighth embodi- 
ments have been described for the case where a direc- 
tional coupler is used as the signal line change-over 
switches 1 63, 1 72 at the nearest place to the output side 
of the gain varying circuits 161, 171. However, the 
present invention is not only limited to this but, a direc- 
tional coupler can be used as the signal line change- 
over switches 142, 153at the nearest place of the output 
side of the gain varying circuits 141, 150 in the fifth and 
sixth embodiments. Thus, the insertion loss generated 
at the signal line change-over switches 142, 153 can be 
reduced and the signal line change-over switches 142, 
153 can be used in common with signal extracting 
means in the signal level detection. 

According to the present invention as described 
above, an appropriate signal line is selected by signal 
amplifying means from a plurality of signal lines having 
different gains, to perform gain adjustment on a trans- 
mission signal supplied to an input terminal. Therefore, 
the power consumption of each signal amplifying means 
is optimized in accordance with the gain value, and the 
operation of the signal amplifying means on the signal 
line which is not selected can be halted, so as to sup- 
press an unnecessary power consumption. 

Further, according to the present invention, an ap- 
propriate signal line is selected by signal amplifying 
means from a plurality ol signal lines having different 
gains to perform gain adjustment on a received signal 
supplied to an input terminal. Therefore, the power con- 
sumption of each signal amplifying means can be opti- 
mized in accordance with the gain value, and the oper- 
ation of the signal amplifying means on the signal line 
which is not selected can be halted, so as to suppress 
an unnecessary power consumption. Also : since the 
signal path having low gain is selected when the re- 
ceived signal has sufficient signal level, even if strong 
disturbing waves exists within the reception band, the 
saturation of the signal amplifying means due to the dis- 
turbing waves can be previously avoided to prevent the 
suppress of the received signal, thereby making it pos- 
sible to avoid a degraded reception sensitivity due to the 
disturbing waves. 

While there has been described in connection with 
the preferred embodiments of the invention, it will be ob- 
vious to those skilled in the art that various changes and 
modifications may be aimed, therefore, to cover in the 
appended claims all such changes and modifications as 
fall within the true spirit and scope of the invention. 

Claims 

1. A transmitting apparatus having gain varying 
means and for adjusting the gain of a signal to be 
transmitted using said gain varying means, where- 
in: 

said gain varying means comprises: 
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first signal line selecting means having at least 
one or more input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals; 5 
second signal line selecting means having a 
plurality of input terminals, at least one or more 
output terminals, and a control terminal for 
switching a connection relationship between 
said input terminals and said output terminals; 10 
a plurality of signal lines for connecting, on a 
one-by-one basis, said plurality of output termi- 
nals of said first signal line selecting means to 
said plurality of input terminals of said second 
signal line selecting means, and having differ- '5 
ent gains by signal amplifying means; and 
signal line control means for controlling the 
switching of the connection relationships in 
said first and second signal line selecting 
means by applying control signals to said con- 20 
trol terminals ol said first and second signal line 
selecting means, 

wherein said signal line control means selects 
an optimal signal line from said plurality of sig- 
nal lines to perform the gain adjustment on a 2s 
signal to be transmitted, which is supplied to the 
input terminal of said first signal line selecting 
means. 

The apparatus according to claim 1 , wherein 30 

when said signal to be transmitted is frequen- 
cy converted by a frequency mixer, a signal to be 
transmitted at a first frequency is adjusted for the 
gain by said gain varying means, and a signal to be 
transmitted at a second frequency through said fre- 35 
quency mixer is adjusted for the gain by a predeter- 
mined variable gain amplifier. 

The apparatus according to claim 1 , wherein 

when said signal to be transmitted is f requen- 40 
cy converted by a frequency mixer, said gain vary- 
ing means are arranged at the prevbus stage of and 
at the rear stage of said frequency mixer, respec- 
tively, so as to perform the gain adjustment on a sig- 
nal to be transmitted at a first frequency and on a 45 
signal to be transmitted at a second frequency. 

The apparatus according to claim 3, wherein: 

a mere transmission path having no signal 
amplifying means is used for at least one or more so 
of the plurality of signal lines, as to said gain varying 
means for performing the gain adjustment on said 
signal to be transmitted at the second frequency. 

The apparatus according to claim 3, wherein: 55 

a signal line having a gain changed by an at- 
tenuator is used for at least one or more of the plu- 
rality of signal lines, as to said gain varying means 



for performing the gain adjustment for said signal to 
be transmitted at the second frequency. 

>. A receiving apparatus having gain varying means 
and adjusting the gain of a received signal using 
said gain varying means, wherein: 

said gain varying means comprises: 
first signal line selecting means having at least 
one or more input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals; 
second signal line selecting means having a 
plurality of input terminals, at least one or more 
output terminals, and a control terminal for 
switching a connection relationship between 
said input terminals and said output terminals; 
a plurality of signal lines for connecting, on a 
one-by-one basis, said plurality of output termi- 
nals of said first signal line selecting means to 
said plurality of input terminals of said second 
signal line selecting means, and having differ- 
ent gains from each other by signal amplifying 
means; and 

signal line control means for controlling the 
switching of the connection relationships in 
said first and second signal line selecting 
means by applying control signals to said con- 
trol terminals of said first and second signal line 
selecting means, 

wherein said signal line control means selects 
an optimal signal line from said plurality of sig- 
nal lines to perform the gain adjustment on a 
received signal supplied to the input terminal of 
said first signal line selecting means. 

7. The apparatus according to claim 6, wherein 

when said received signal is frequency con- 
verted by a frequency mixer, a received signal at a 
first frequency is adjusted for the gain by said gain 
varying means, and a received signal at a second 
frequency through said frequency mixer is adjusted 
for the gain by a predetermined variable gain am- 
plifier. 

8. The apparatus according to claim 6, wherein 

when said received signal is frequency con- 
verted by a frequency mixer, said gain varying 
means are arranged at the previous stage of and at 
the rear stage of said frequency mixer, respectively, 
so as to perform the gain adjustment on a received 
signal at a first frequency and on a received signal 
at a second frequency. 

9. The apparatus according to claim 8, wherein: 

a mere transmission path having no signal 
amplifying means is used for at least one or more 
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of the plurality of signal lines, as to said gain varying 
means for performing the gain adjustment on said 
received signal at the second frequency. 

10. The apparatus according to claim 8, wherein: s 

a signal line having a gain changed by an at- 
tenuator is used for at least one or more of signal 
lines within said plurality of signal lines, as to said 
gain varying means for performing the gain adjust- 
ment on said received signal at the second f requen- 10 
cy. 

11. The apparatus according to any preceding claim, 
wherein 

a mere transmission path having no signal '5 
amplifying means is used for at least one or more 
of signal lines within said plurality of signal lines. 

12. The apparatus according to any preceding claim, 
wherein 20 

a signal line having a gain changed by an at- 
tenuator is used for at least one or more of signal 
lines within said plurality of signal lines. 

13. The transmitting apparatus according to any pre- 2s 
ceding claim, wherein 

each of said plurality of signal lines is provided 
with a delay element to equalize signal delay differ- 
ences between the signal lines. 

30 

14. The apparatus according to any preceding claim, 
wherein 

said second signal line selecting means is 
formed by a directional coupler composed of paral- 
lel two lines. 35 

15. The apparatus according to claim 14, wherein: 

one end of a first line of said directional cou- 
pler is connected to a first signal line of said signal 
lines and the other end of said first line is used as 40 



said output terminal; and one end of a second line 
of said directional coupler is connected to a second 
signal line of said signal lines and the other end of 
said second line is connected to predetermined sig- 
nal level detecting means. 

16. A transmitting apparatus having gain varying 
means for adjusting the gain of a signal to be trans- 
mitted using said gain varying means, wherein: 

said gain varying means comprises: 
first signal line selecting means having a plu- 
rality of input terminals, a plurality of output ter- 
minals, and a control terminal for switching a 
connection relationship between said input ter- 
minals and said output terminals; 
second signal line selecting means having a 
plurality of input terminals, at least one or more 
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output terminals, and a control terminal for 
switching a connection relationship between 
said input terminals and said output terminals; 
third signal line selecting means having at least 
one or more input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals: 
a plurality of first signal lines for connecting, on 
a one-by-one basis, said plurality of output ter- 
minals of said first signal line selecting means 
to said plurality of input terminals of said sec- 
ond line selecting means, and having different 
gains from each other by signal amplifying 
means; 

a plurality of second signal lines for connecting, 
on a one- by -one basis, said plurality of output 
terminals of said third signal selecting means 
to said plurality of input terminals of said first 
signal line selecting means, and having differ- 
ent pass band characteristics from each other 
by filter means; and 

signal line control means for controlling the 
switching of the connection relationships in 
said first, second, and third signal line selecting 
means by applying control signals to said con- 
trol terminals of said first, second, and third sig- 
nal line selecting means, 
wherein said signal line control means selects 
an optimal signal line from said first and second 
signal lines to perform the gain adjustment on 
a signal to be transmitted, which is supplied to 
the input terminal of said third line selecting 
means, and to switch a pass band. 

17. The transmitting apparatus according to claim 16, 
wherein 

said second signal line selecting means is 
formed by a directional coupler composed of paral- 
lel two lines. 

18. The transmitting apparatus according to claim 17, 
wherein 

one end of a first line of said directional cou- 
pler is connected to a first signal line of said first 
signal lines and the other end of said first line is used 
as said output terminal; and one end of a second 
line of said directional coupler is connected to a sec- 
ond signal line of said first signal lines and the other 
end of said second line is connected to predeter- 
mined signal level detecting means. 

19. A receiving apparatus having gain varying means 
and adjusting the gain of a received signal using 
said gain varying means, wherein: 

said gain varying means comprises: 

first signal line selecting means having a plu- 
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rality of input terminals, a plurality of output ter- 
minals, and a control terminal for switching a 
connection relationship between said input ter- 
minals and said output terminals; 
second signal line selecting means having a s 
plurality of input terminals, at least one or more 
output terminals, and a control terminal for 
switching a connection relationship between 
said input terminals and said output terminals; 
third signal line selecting means having at least 10 
one or more input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals; 
a plurality of first signal lines for connecting, on is 
a one-by-one-basis, said plurality of output ter- 
minals of said first signal line selecting means 
to said plurality of input terminals of said sec- 
ond signal line selecting means, and having dif- 
ferent gains from each other by signal amplify- 20 
ing means; 

a plurality of second signal lines for connecting, 
on a one-by-one-basis, said plurality of output 
terminals of said third signal line selecting 
means to said plurality of input terminals of said 25 
first signal line selecting means, and having dif- 
ferent pass band characteristics from each oth- 
er by filter means; and 

signal line control means for controlling the 
switching of the connection relationships in 30 
said first, second, and third signal line selecting 
means by applying control signals to said con- 
trol terminals of said first, second, and third sig- 
nal line selecting means, 

wherein said signal line control means selects -35 
an optimal signal line from said first and second 
signal lines to perform the gain adjustment on 
a received signal supplied to the input terminal 
of said third signal line selecting means, and to 
switch a pass band. 40 

20. The receiving apparatus according to claim 19, 
wherein 

said third signal line selecting means is 
formed by a directional coupler composed of paral- 45 
lei two lines. 

21. The receiving apparatus according to claim 20, 
wherein 

one end of a first line of said directional cou- so 
pier is connected to a first signal line of said second 
signal lines and the other end of said first line is used 
as said input terminal; and one end of a second line 
of said directional coupler is connected to a second 
signal line of said second signal lines and the other 55 
end of said second line is connected to predeter- 
mined signal level detecting means. 



The apparatus according to any one of claims 1 6 to 
21 , wherein 

delay elements are arranged in said first and 
second signal lines to equalize signal delay differ- 
ences between the signal lines. 

A transmitting apparatus having gain varying 
means for adjusting the gain of a signal to be trans- 
mitted using said gain varying means, wherein: 

said gain varying means comprises: 
first signal line selecting means having at least 
one or more input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals; 
second signal line selecting means having a 
plurality of input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals; 
third signal line selecting means having a plu- 
rality of input terminals, at least one or more 
output terminals, and a control terminal for 
switching a connection relationship between 
said input terminals and said output terminals; 
a plurality of first signal lines for connecting, on 
a one-by-one basis, said plurality of output ter- 
minals of said first signal line selecting means 
to said plurality of input terminals of said sec- 
ond signal line selecting means, and having dif- 
ferent gains from each other by signal amplify- 
ing means; 

a plurality of second signal lines for connecting, 
on a one-by-one basis, said plurality of output 
terminals of said second signal line selecting 
means to said plurality of input terminals of said 
third signal line selecting means, and having 
different pass band characteristics from each 
other by filter means; and 
signal line control means for controlling the 
switching of the connection relationships in 
said first, second, and third signal line selecting 
means by applying control signals to said con- 
trol terminals of said first, second, and third sig- 
nal line selecting means, 
wherein said signal line control means selects 
an optimal signal line from said first and second 
signal lines to perform the gain adjustment on 
a signal to be transmitted, which is supplied to 
the input terminal of said first signal line select- 
ing means, and to switch a pass band. 

The transmitting apparatus according to claim 23, 
wherein 

said third signal line selecting means is 
formed by a directional coupler composed of paral- 
lel two lines. 
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25. The transmitting apparatus according to claim 24, 
wherein: 

one end of a first line of said directional cou- 
pler is connected to a first signal line of said second 
signal lines and the other end of said first line is used 
as said output terminal; and one end of a second 
line of said directional coupler is connected to a sec- 
ond signal line of said second signal lines and the 
other end of said second line is connected to pre- 
determined signal level detecting means. 

26. A receiving apparatus having gain varying means 
and adjusting the gain of a received signal using 
said gain varying means, wherein: 

said gain varying means comprises: 
first signal line selecting means having at least 
one or more input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals; 
second signal line selecting means having a 
plurality of input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals; 
third signal line selecting means having a plu- 
rality of input terminals, at least one or more 
output terminals, and a control terminal for 
switching a connection relationship between 
said input terminals and said output terminals; 
a plurality of first signal lines for connecting, on 
a one-by-one basis, said plurality of output ter- 
minals of said first signal line selecting means 
to said plurality of input terminals of said sec- 
ond signal line selecting means, and having dif- 
ferent gains from each other by signal amplify- 
ing means; 

a plurality of second signal lines for connecting, 
on a one-by-one basis, said plurality of output 
terminals of said second signal line selecting 
means to said plurality of input terminals of said 
third signal line selecting means, and having 
different pass band characteristics from each 
other by filter means; and 
signal line control means for controlling the 
switching of the connection relationships in 
said first, second, and third signal line selecting 
means by applying control signals to said con- 
trol terminals of said first, second, and third sig- 
nal line selecting means, 
wherein said signal line control means selects 
an optimal signal line from said first and second 
signal lines to perform the gain adjustment on 
a received signal supplied to the input terminal 
of said first signal line selecting means, and to 
switch a pass band. 



27. The receiving apparatus according to claim 26, 
wherein 

said first signal line selecting means is formed 
by a directional coupler composed of parallel two 
5 lines. 

28. The receiving apparatus according to claim 27, 
wherein 

one end of a first line of said directional cou- 
pler is connected to a first signal line of said first 
signal lines and the other end of said first line is used 
as said input terminal; and one end of a second line 
of said directional coupler is connected to a second 
signal line of said first signal lines and the other end 
of said second line is connected to predetermined 
signal level detecting means. 

29. The apparatus according to any one of claims 23 to 
28, wherein 

delay elements are arranged in said first and 
second signal lines to equalize signal delay differ- 
ences between the signal lines. 

30. A transmitting apparatus having gain varying 
means for adjusting the gain of a signal to be trans- 
mitted using said gain varying means, wherein: 

said gain varying means comprises: 
first signal line selecting means having a plu- 
rality of input terminals, a plurality of output ter- 
minals, and a control terminal for switching a 
connection relationship between said input ter- 
minals and said output terminals; 
second signal line selecting means having a 
plurality of input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals: 
third signal line selecting means having at least 
one or more input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals: 
fourth signal line selecting means having a plu- 
rality of input terminals, at least one or more 
output terminals, and a control terminal for 
switching a connection relationship between 
said input terminals and said output terminals; 
a plurality of first signal lines for connecting, on 
a one-by-one basis, said plurality of output ter- 
minals of said first signal line selecting means 
to said plurality of input terminals of said sec- 
ond signal line selecting means, and having dif- 
ferent gains from each'other by signal amplify- 
ing means; 

a plurality of second signal lines for connecting, 
on a one-by-one basis, said plurality of output 
terminals of said third signal line selecting 
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means to said plurality of input terminals of said 
first signal line selecting means, and having dif- 
ferent pass band characteristics from each oth- 
er by filter means; 

a plurality of third signal lines for connecting, on $ 
a one-by-one basis, said plurality of output ter- 
minals of said second signal line selecting 
means to said plurality of input terminals of said 
fourth signal line selecting means, and having 
different pass band characteristics from each 10 
other by filter means; and 
signal line control means for controlling the 
switching of the connection relationships in 
said first, second, third, and fourth signal line 
selecting means by applying control signals to '5 
said control terminals of said first, second, third, 
and fourth signal line selecting means, 
wherein said signal line control means selects 
an optimal signal line from said first, second, 
and third signal lines to perform the gain adjust- 20 
ment on a signal to be transmitted, which is sup- 
plied to the input terminal of said third signal 
line selecting means, and to switch a pass 
band. 

25 

31. The transmitting apparatus according to claim 30, 
wherein 

said fourth signal line selecting means is 
formed by a directional coupler composed of paral- 
lel two lines. 30 

32. The transmitting apparatus according to claim 31, 
wherein: 

one end of a first line of said directional cou- 
pler is connected to a first signal line of said third 35 
signal lines and the other end of said first line is used 
as said output terminal; and one end of a second 
line of said directional coupler is connected to a sec- 
ond signal line of said third signal lines and the other 
end of said second line is connected to predeter- 40 
mined signal level detecting means. 

33. A receiving apparatus having gain varying means 
and adjusting the gain of a received signal using 
said gain varying means, wherein: 45 



one or more input terminals, a plurality of output 
terminals, and a control terminal for switching 
a connection relationship between said input 
terminals and said output terminals: 
fourth signal line selecting means having a plu- 
rality of input terminals, at least one or more 
output terminals, and a control terminal for 
switching a connection relationship between 
said input terminals and said output terminals; 
a plurality of first signal lines for connecting, on 
a one-by-one basis, said plurality of output ter- 
minals of said first signal line selecting means 
to said plurality of input terminals of said sec- 
ond signal line selecting means, and having dif- 
ferent gains from each other by signal amplify- 
ing means; 

a plurality of second signal lines for connecting, 
on a one-by-one basis, said plurality of output 
terminals of said third signal line selecting 
means to said plurality of input terminals of said 
first signal line selecting means, and having dif- 
ferent pass band characteristics from each oth- 
er by filter means; 

a plurality of third signal lines for connecting, on 
a one-by-one basis, said plurality of output ter- 
minals of said second signal line selecting 
means to said plurality of input terminals of said 
fourth signal line selecting means, and having 
different pass band characteristics from each 
other by filter means; and 
signal line control means for controlling the 
switching of the connection relationships in 
said first, second, third, and fourth signal line 
selecting means by applying control signals to 
said control terminals of said first, second, third, 
and fourth signal line selecting means, 
wherein said signal line control means selects 
an optimal signal line from among said first, 
second and third signal lines to perform the gain 
adjustment on a received signal supplied to the 
input terminal of said third signal line selecting 
means, and to switch a pass band. 

34. The receiving apparatus according to claim 33, 
wherein 

said third signal line selecting means is 
formed by a directional coupler composed of paral- 
lel two lines. 

35. The receiving apparatus according to claim 34, 
wherein: 

one end of a first line of said directional cou- 
pler is connected to a first signal line of said second 
signal lines and the other end of said first line is used 
as said input terminal; and one end of a second line 
of said directional coupler is connected to a second 
signal line of said second signal lines and the other 
end of said second line is connected to predeter- 



said gain varying means comprises: 
first signal line selecting means having a plu- 
rality of input terminals, a plurality of output ter- 
minals, and a control terminal for switching a so 
connection relationship between said input ter- 
minals and said output terminals; 
second signal line selecting means having a 
plurality of input terminals, a plurality of output 
terminals, and a control terminal for switching ss 
a connection relationship between said input 
terminals and said output terminals; 
third signal line selecting means having at least 
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mined signal level detecting means. 

36. The apparatus according to any one of claims 30 to 

35, wherein 

delay elements are arranged in said first, sec- s 
ond, and third signal lines to equalize signal delay 
differences between the signal lines. 

37. The apparatus according to any one of claims 16 to 

36, wherein 70 

a mere transmission path having no signal 
amplifying means is used for at least one or more 
signal lines within said plurality of first signal lines. 

38. The apparatus according to any one of claims 16 to is 

37, wherein 

a signal line having a gain changed by an at- 
tenuator is used for at least one or more of signal 
Imcs within said plurality of first signal lines. 

20 

39. The nppnirttus according to any one of claims 16 to 
3c wtiorctn 

oich of said signal line selecting means com- 
prises .i c»cuLir switch formed of four switches con- 
ncc cd m i c icular shape when the numbers of in- 25 
put ,«o<3 cxjtpjt lormmals are both "2", wherein op- 
pos to *wc ot toor connection cross-points are des- 
»-jrv*i«xi s-«io mput terminals, while the remaining 
f *o o (*-^*t^i\<h\ hs output terminals, so that said 

trwrwv.K ^nc said output terminals are con- 30 
noceo D> rA !>*tqic switch. 

40 a moJtKxJ of rtcjusting the gain of a signal to be 
t »iasi-mtieo comprising the steps of: 

35 

previous > providing a plurality of signal lines 
rvid'inq ciiTioren: gains from each other by signal 
nmpii'ytnq ncnns 

c»/«mnirq tnc level of a signal to be transmit- 
ted roQt-iro:J rit the output side of said signal 40 
line <*.na examining the level of the signal to be 
tr^tnsm.tied on the input side of said signal line; 
dc:cfminmq witch signal line of said signal 
lines is selected in accordance with a level dif- 
ferent Dctwccn said two levels; and 45 
pctormmq optimal gain adjustment on said sig- 
na> to Dc transmitted by approximately select- 
ing Srt«J signal line in accordance with said de- 
teimiMrttiun lesutt. 

so 

41. A method of adjusting the gain of a received signal 
comprising the steps of: 

previously providing a plurality of signal lines 
having different gains f rom each other by signal ss 
amplifying means: and 

examining the signal level of a received signal 
supplied to the input side of said signal lines, 



and approximately selecting one from said sig- 
nal lines based on the examined signal level so 
as to output the received signal having a de- 
sired signal level on the output side of said sig- 
nal lines, thus performing optimal gain adjust- 
ment on said received signal. 
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